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PREFACE 


Part IV A, ‘‘Outlines of Tidal Theory,’’ appeared as Appendix 7, Coast and 
Geodetic Survey Report for 1900. The aim of that appendix is to obtain through 
theoretical considerations, rational so far as they go, a first approximation to the times 
of the principal ocean tides. 

Part IV B aims at a system of cotidal lines which, while conforming to all reliable 
data, shall reasonably well meet the requirements of the theory alluded to, and so, for 
most regions, constitute an essentially true representation of the tides. 

The labor involved in the construction of these lines has been so great that many 
matters relating to the subject have, of necessity, either remained undeveloped or, if 
appearing in the accompanying text, have been but scantily treated. 
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MANUAL OF TIDES—PART IV B. COTIDAL LINES FOR THE 
WORLD. 


By ROLLIN A. HARRIS. 


CHAPTER I. 


ON THE COMBINATION OF LONG WAVES. 


1. The combination of long waves under several conditions has been briefly con- 
sidered in Chapters III and VIII, Part IV A, and some similar questions for ordinary 
waves have been treated in Chapter II, Part I, and Chapter IV, Part IV A. A few 
questions relating to this subject and which have important bearings upon the con- 
struction of cotidal lines will be considered in this chapter. 


2. The combination of two progressive waves. 

Suppose the space origin to be situated at any convenient point and suppose one 
progressive wave to move toward +. and the other, at some angle to this direction. 
Suppose the time to be reckoned from Greenwich or any other given meridian. Let 7’ 
denote the time of high water of the first wave at =o and 7” that of the second wave 
at the origin. Then the vertical displacement may be written 


€=A' cos (at—lx—aT"’)+A" cos (al—ly—aT") (1) 
=A' cos (8—dx— & )+A" cos (F9—-ly— &” ) 


where the axis of y is generally oblique to the axis of +. When the direction of the 
second system is the same as the first, or opposite to it, y should be replaced by +x or 
by —2x. 

If A” =’ the lines of no tide are given by the equation 


Ixpe=lyte’a(av+rs)7, 


If A”A’, then there must be some rise and fall at every point of the surface 
covered by either or both of these wave systems. 


From =o we have for finding the time of the resultant high or low water 


A’ sin (lx+28')+A” sin (ly +e”) 


tan O= 77" cos (Ie €)+A" cos (y+ e") 2 


If y coincides with x, we then have from =o, 
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A' sin (0—@') +A” sin (O—") 


tan (x= ar cos (8—8") +A" cos (O—=8")’ (3) 
which determines the position of high or low water for this case at any given time. 

The time is referred to the time of high water of the first wave at +=0 if &’=0, 
and to the time of high water of the second wave at y=oif &’=o0. The amplitude of 
the tide at any point x, y is obtained by substituting for @ in (1) its value from (2). 


3. The combination of a stationary and a progressive wave, both lying in the same 

direction. 

Suppose the space origin to be situated at a loop of the stationary wave and 
suppose the progressive wave to move toward +x. Suppose the time to be reckoned 
from Greenwich or any other given meridian. Let 7’ denote the time of high water 
of the stationary wave at x=o and 7” that of the progressive wave at x=o. Then 
the vertical displacement may be written 


$=! cos /x cos (at —aT7"') +A” cos (at—lx—aT") 
=A! cos /x cos (0—#') +A” cos (0—lx—e”) (4) 


From ce =o we have for finding the time of the resultant high or low water 


0 
A' cos lx sin +A” sin (dx+e") 


tan d= A cos /x cos eft A” cos (dx+e') (5) 


and for the position of high or low water at any given time 


A’ sin (6—e8’) (6) 


tan fe=tan (0— "+ 41 cos (Ge) 


The time is referred to the time of high water of the stationary wave at +=0 if &’=o0, 
and of the progressive wave at x+=o0, if &’=o. The amplitude of the tide at any 
point x is obtained by substituting for # in (4) its value from (5).* 

In case the progression is toward —-+x, replace / x by —/ x. 

Since for natural bodies of water the end boundaries at the loops of a stationary 
wave are seldom such as to turn back the approaching particles simultaneously because 
of irregularities in the shore line, extensive shoaling, or nore especially breaks in the 
walls, it is evident that progressive waves must often accompany stationary ones. f. 

Here no attempt will be made to determine what the relative positions and amplitudes 
‘of the two waves must be. In fact it must generally happen that the amplitude of the 
progressive wave diminishes as we go from the locality giving rise to it, to points from 
which it appears to come (Cf. § 8). Although such combinations are quite common in 
the oceans, waves from other causes frequently so obscure them that it is seldom worth 
while to actually perform the computations necessary for making the combination. 

Some fairly good instances may be cited and which will be referred to in the 
description of the cotidal lines of the several localities: The northeastern corner of the 
Indian Ocean, the Red Sea, the Gulf of Suez, the Pacific Ocean west of the South 





* The angle / + can be found by aid of Table 15, in Part III. 
t Cf. lemmas 14 and 21, 370, Part IV A. 
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Shetland Islands. See Figs. 6, 7, and 28, also Fig. 23 of Part IV A. Other.instances 
are the Bay of Bengal, Adriatic Sea, English Channel, Irish Channel, Bafhin Bay, Long 
Island Sound, Gulf of California, and Gulf of Georgia. In most of these cases the pro- 
gressive wave is rather small, it being due to the shoaling and irregularities of the body 
of water and not to an opening inanend boundary. But, as will be noted in Chapter ITI, 
the earth’s rotation often sensibly modifies the tide in the vicinity of a nodal line, 
apparently increasing the range of the progressive wave on one side of the channel and 
diminishing it upon the other. 

The general tendency of the progressive wave is to obliterate the nodal line of the 
stationary one; the larger its amplitude, the less crowding up there generally is of the 
cotidal lines at the nodal line. 

This combination of waves applies only to regions of water where the oscillatory 
motion is nearly rectilinear. Progressive waves in the ocean are generally directed 
toward openings in the shore line, especially if the rise and fall of the tide be there 
considerable. Consequently it seldom happens that in the ocean the particles oscillate 
in the same direction in both stationary and progressive waves. 


4. The combination of one stationary wave with another lying transversely to it. 
Suppose the space origin to be situated at a loop of each wave. Suppose the time 
to be reckoned from Greenwich or any other given meridian. Let 7’ denote the time 
of high water, at x=o0, of the stationary wave whose motion is parallel to x, and 7” 
the time of high water, at _y=o, of the stationary wave whose motion is parallel to y. 
Then the vertical displacement may be written 
$=A’ cos /x cos (af—aZ")+A” cos ly cos (at--a7") 
=A! cos /x cos (8—&)+A" cos ly cos (0—e"’) (7) 


From =o we have for finding the time of the resultant high or low water 


A' cos /x sin & +A" cos ly sin &” 
A’ cos lx cos &’+A” cos ly cos &” (8) 








tan 0= 


[If both stationary waves lie in the same direction, replace y by x in (7) and (8). 
The amplitude of the tide at any point x is then obtained by substituting for @ in (7) 
its value from (8). ] 

By assigning a value to @ (i. e., to a/), this equation gives a relation between + and 
y which is the equation of the cotidal line for the assumed time. 

From (8) we have 


dy _tan 6 (4' sin /x cos &’)—’ sin /x sin & | 
dx” —tan 0 (A” sin fy cos €’")+ A" sin fy sin &” (9) 
which gives the direction of the cotidal line whose characteristic is 9 at any permissi- 


ble point x, y. This ratio appears indeterminate at x=o0, y=o and of course at such 
points as x=yr, y=va, mw and v denoting integers. The value is, however, +1. 


For the lines x=0 or x= pz, oy becomes zero, and for y= v or y= v7 it becomes infinite. 


Hence: 
The cotidal lines are normal to the real or virtual boundaries of a square oscillating 
area excepting the two lines which coincide with the diagonals of the square. 
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Upon substituting in (9) the value (8) of tan 4 we have 


dy_tan/x sin (e’—e’) tan lv 
dx tan dy sin (e’—e’) tan ly 





(10) 


which gives the direction of the cotidal line through ay point in the area. This does 
not depend upon the amplitudes or the phases of the two waves. Hence if we havea 
drawing covering the square completely with cotidal lines based upon a simple assump- 
tion like 4” = A’=1 and €’—&=+90°, & or €”’ =0, the cotidal lines for any other assump- 
tions can be immediately traced therefrom as soon as we have identified or computed one 
point in each line. 

At the center of the square, where /x=90°, /y=g0°, there is no rise and fall and so 


all cotidal lines must radiate from this point. The value of oy at this point is 


A! tan 6 cos & —sin & eed 
aa pee is ONE ane II 
A” —tan 6 cos €”’+sin &” 





The fact that two stationary waves of different phases are combined together shows 
that high water must occur at the middle points of the sides of the square area at times 
given by the waves when considered separately. And it is readily seen that the times 
of high water change successively through all values of a period as we proceed around 
the square. The distribution of the radiating cotidal lines will, however, be quite 
uneven, as expression (10) shows. | 

Cotidal lines, whose numbers progress through all hours (i. e., form a complete 
cycle of values) around a no-tide point, may be called amphidromic, or the locality 
concerned may be said to be amphidromic. 

It has already been noted that the center of gravity of the surface of a deep lake 
is a no-tide point, and that around this point the cotidal lines are what is here called 
amphidromic. For a more extended body of water the corrected equilibrium theory 
still gives a no-tide point, about which the cotidal lines are amphidromic. But the 
determination of the point and the radiating lines is more difficult than in the case of a 
small, deep body of water. See § 4o, Part I; §§ 49, 50, Part II; and §§ 3, 4, 92, 
Part IV A. : 

If a large island lie near the theoretical no-tide point of a body having equilibrium 
tides the cotidal lines will, because some wave motion 1s always present, probably 
radiate from its shores rather than from the exact theoretical point. E. g., the island 
of Crete, Fig. 19. 

Amphidromic cotidal lines depending upon still other causes will be noted in §§ 5, 
12, 13, 15, and in the description of cotidal maps. 

From expressions (3), (4) Part I, we see that the amplitude of the resultant oscil- 
lation (7) 1s 


SA" cos *lx+.A"™ cos ly+2.A' A" cos lx cos ly cos (&’ ~ &”) (12) 
and the angle (or negative phase) corresponding to € is 


_, A’ cos /x sin &’-+ A” cos /y sin &” 


tan 7 —,—____--______ eee 
A' cos (x cos &’ + A” cos ly cos &” 





(13) 
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The amplitude squared and equated to a constant A’ is the equation of a line of equal 
range. Its direction is given by the equation 


dy__A'sinlx A’ cos lx A” cos ly cos (#’~#”) 
dx A" sin ly A” cos ly+ A’ cos lx cos (€ ~ &'’) 





(14) 


For x=o0 or x= 7, this ratio becomes zero, and for y=o or y= v7, it becomes infinite. 
Hence: The lines of equal rise and fall are normal to the real or virtual boundaries of a 
square oscillating area. Cf. § 26, Part IV B, where &’~ &’=60°, and § 26, Part IV A, 
where &’=e", 


5. Lhe combination of a progressive wave with a stationary wave lying transversely to it. 

Suppose the space origin is so taken that x=o at a loop of the stationary wave 
and suppose the progressive wave to move toward + y, a direction transverse to the 
motion in the stationary wave. Suppose the time to be reckoned from Greenwich or 
any other given meridian. Let 7’ denote the time of high water of the stationary wave 
at x=o, and 7” that of the progressive wave at y=o. Then the vertical displacement 
may be written 


€=A' cos lx cos (at—aT')+A”" cos (at—ly—aT"), 
=A’ cos /x cos (0—&’)+A” cos (0—ly—e"). (15) 
ag 


From 367° we have, for finding the time of the resultant high or low water. 


A’ cos dx sin & +A” sin (dy+e”) 


i i ere eae 
au A' cos /x cos &’-+A” cos (ly +e") (16) 


The time is referred to the time of high water of the stationary wave at x=0 if &’=o; 
and of the progressive wave at y=o if €”’=o0. 

By assigning a value to @ (i.e. toa), this equation gives a relation between x and 
y, which is the equation of the cotidal line for the assumed time. 

From (16) we have 


dy _—tan 6 (A’ sin lx cos &)-+ 4’ sin /x sin & 
dx” tan 6 (A” sin y+é") +A" cos (ly te”) (17) 





which gives the direction of the cotidal line whose characteristic is 6 at any permissible 
point x, y. 

. ' , All cotidal lines intersect the line «=o or x=y7 perpendicularly. 

At a point defined by the equations 


A’ cos (x=+A". (18) 
= ” 2v-+1 
e=o re 14 Gente (19) 


there is no rise and fall of tide because € then becomes zero. At this point tan 6 is 
indeterminate, and all cotidal lines radiate from it. Along the nodal line of the station- 
ary wave the tide is due to the progressive wave alone; therefore the cotidal lines divide 
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the nodal line into equal parts or segments whose lengths each represent the distance 
over which the progressive wave moves in one hour. Along the line 


A! cos (x= +A" 


the value of the cotidal hour at any point (y) is the arithmetical mean between the 
hour there given by the progressive wave and the hour of the stationary wave at x=0; 
the times at the given point are always so taken as to not differ more than 6 hours 
from each other. 

Referring to the coordinates of the no-tide point, it will be seen that such a point 
can not exist unless the amplitude of the stationary wave at the loop exceeds the 
amplitude of the progressive wave. 


CHAPTER II. 


ADDITIONAL LEMMAS. 


6. In Chapter VII, Part IV A, a number of lemmas are given which seemed to be 
of chief importance in attempting a partial explanation of the tides. It is convenient 
to here lay down other lemmas more or less related to those there given, assigning to 
them numbers which shall form a continuation of those already used. 

(26) Two areas which have a considerable stretch of latent or imaginary boundary 
in common will generally oscillate together and form parts of one and the same system. 
(See § 29, Part IV A.) 

Many of the areas forming parts of the systems shown in Fig. 23, Part IV A, will 
serve as illustrations. . | 

If, however, the dimensions and locations of the areas are such that the virtual 
work of the tidal forces upon the system is always small, no considerable tides will 
result even if the free periods of the areas agree well with the period of the forces; 
e. g., a short and shallow canal one wave length long (two half-wave lengths placed 
end-to-end). 

(27) If two hypothetical systems, each capable of independent oscillation in a 
period of 12 hours, overlap, the two motions will generally coexist with little interfer- 
ence; but if their individual periods differ from 12 hours more than does the period of 
the two when combined together, synchronization will generally take place. 

This lack of interference is evident in the case of two systems in a square area 
whose edges are 4% Ain length. (§ 26, Part IV A.) 

Consider next an L-shaped figure whose extreme length in either direction is % A. 

Now if the L is slender, it is probable that the two oscillations will synchronize 
because the free period of both branches of the L differs but little from the free period 
of either branch. To see this, imagine it to be high water at the angle of the L on 
account of an oscillation in one branch, and suppose little or no oscillation exists in the 
other branch. This implies a slope, and so acceleration, aJlong the direction of the 
second branch (eq. (92), Part IV A); that is, when it is high water in the angle of the 
L the surface slopes away from the angle in both directions. After several periods the 
whole body will oscillate as one system. Of course a better oscillation would be 
obtained by taking the extreme dimensions of the L-shaped figure a little greater than 
1% Aso that the virtual lengths of the two trapezoidal areas would each be % A in 
length. (Cf. § 43, Part IV A.) 

If the L is no longer slender but broad, then although the oscillation in one branch 
produces a simultaneous slope, and so acceleration, in the other branch, yet if we draw 
such lines of motion as a synchronization of the two systems into one would imply, it 
‘becomes evident that the periods of the resulting trapezoidal areas will be sensibly less 
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than the period of the forces. Since the surface slope belonging to the oscillation in 
one branch produces a simultaneous slope in the other branch, the resulting stationary 
oscillation in the second branch, if there be any, must synchronize with that in the first 
branch. But, by hypothesis, the dimensions are such that one system can not be formed 
out of these two branches. The transverse acceleration due to the first branch may 
affect an existing and sustained oscillation in the second branch, especially if the width 
of the first branch approaches the value Vf A. 

Synchronization may therefore generally be expected in a slender L-shaped figure 
provided either its external dimensions or virtual lengths equal % A, but in a broad 
L-shaped region only when its external dimensions exceed % A by such an amount that 
the virtual length of either arm equals ¥% A. 

Other cases of overlapping systems can be studied 1n a somewhat similar manner. 

Examples of overlapping areas are shown in Fig. 23, Part IV A. It is probable 
that the North Indian system does slightly accelerate the half-wave area extending from 
Mozambique Channel to Bdluchistén and India, also that the South Atlantic system 
accelerates the North Atlantic system. In each of these two cases the effect of the 
smaller system upon the larger may be safely neglected. The two Pacific systems must 
be practically independent of each other, and the same ts true of the South Atlantic and 
South Indian systems. 

7. (28) High water occurs remarkably late along the inner side of capes which 
guard the entrance to a bay or broad passage. — 

Several cases in which an inner body of water derives its tides through a strait 
from an outer body have been briefly considered in §§ 102-113, Part IV A. In most 
of these cases it can be readily seen that in the strait and in its immediate vicinity the time 
of tide must change rapidly, and so the time of high water on the inner side of capes 
partially inclosing the bay or broad passage must occur remarkably late. 

It is here proposed to call attention to the lateness of the tide at the inner side of 
the capes in comparison with the time of tide in the near-by channel or axis, the bay 
being broad enough or so situated with reference to the incoming water that transverse 
propagation is possible near the capes. 

In the first place it may be noted that if the distance between the capes is so great 
that a wave can be transmitted at approximately the rate due to depth, the crest of the 
wave will be convex inward and retarded at the capes on account of the lesser depths at 
and off the capes than in mid-channel. In this connection see § 36, Part IV A. 

But even if the depth were as great at the capes as in mid-channel, the tide would 
still be retarded. At the time of high water between the capes, the neighboring inner 
waters are at a less elevation. Now, whatever these inward accelerations and resulting 
velocities may be, the phase of the horizontal velocity in the direction taken by the 
incoming flood must be in advance of the phase of the horizontal velocity in the trans- 
verse direction. For, the longitudinal velocity is generally near its maximum value at 
the time of high water between the capes, because of the assumed motion transmitted from 
without, whereas the transverse velocity depending upon the transverse slope or acceler- 
ation can hardly have begun—provided the bay is large enough to permit of transverse 
progressive wave motion. Asa matter of fact the incoming flood streams are not all 
directed parallel to the axis of the bay, but spread out considerably toward either shore 
of the bay. But high water along the inner side of the cape can not occur until the 
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flood current along this shore reaches its maximum velocity. Hence we may expect 
delays of various amounts according to the sharpness of the capes and trend of the 
shores. 

Examples: Cape Chidley, Labrador, Fig. 12; Cape Charles, Virginia, Fig. 14; 
northern part of New Zealand, Fig. 4o. 

In most bays, even if wide and shallow, there is no great opportunity for transverse 
progressions because the shores generally are such that transverse stationary waves 
would be formed. In such case no considerable delay will occur. 

The most conspicuous delays, however, are due to incomplete wave eddies, § 14. 
Examples are Shantung Promontory and each end of Formosa Island. 

8. (29) If a progressive wave is developed at an opening in a rigid boundary of an 
oscillating area or over a submerged boundary, an antecedent wave is necessitated; that 
is, there must exist a progressive wave moving toward the opening or shoal. 

For, the periodic, horizontal, and vertical displacements of water in the opening or 
over the shoal will entrain displacements far out at sea, whose phases must agree with 
those in the opening or over the shoal as this part of the coast is approached; e. g., 
the waters south of the Sunda Islands, and west of Cape Horn. 

(30) A stationary wave in a strait involves no antecedent wave. 

Three cases of stationary wave motion may be noticed. -See §§ 35, 102, 103, Part ‘ 
IV A. 

Case 1.— Where one of the bodies connected by the strait has no trae. 

At the end of the strait joining the tided body, high water occurs at the time of 
elongation of the particles in the strait toward that body. Hence no progressive ante- 
cedent wave can partake of this motion; e. g., no progressive wave approaches the 
strait of Gibraltar from the west. 

Case 2.—Where the two connected bodies have tides of opposite phase. 

At the time of high water in either body the particles in the strait will be at elonga- 
tion toward that body. For example, no considerable progressive wave approaches the 
strait between the Faroe Islands and Iceland from the south; the same is true for 
North Channel. 

Case 37.— Where the two connected bodies have tides of like phases. 

At the time of high water in either body, as well as throughout the strait, the 
particles in the strait will be at their elongations toward the middle of the strait, or, 
rather away from the tided bodies. Many narrow channels between islands are ~ 
examples of this. 

9. (31) If the lines of motion of the water particles off a given part of the shore 
can be seen to be normal to and directed toward this part of the shore while the lines 
of motion off a neighboring stretch of shore are parallel with or oblique to the shore 
line, then, other things being equal, high water will occur earlier in the first-mentioned 
locality than in the second. 

From the first locality a stationary wave will extend seaward, and this, combined 
with whatever local progression there may be, causes the tide to occur remarkably early 
as judged from its time of occurrence at neighboring places where the motion of the 
_ off-lying particles is oblique or parallel to the shore line. (Cf. lemmas 12, 15, and 16.) 
Several cases may be noticed. 
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Case 1.—Stationary wave connected with an oscillating area. 

Instances of stationary waves along the shore line are very numerous. In fact, they 
almost always exist to a greater or less degree immediately at the shore line. They, 
however, become conspicuous in localities where they cause the tide to occur not only 
earlier than would otherwise have been expected, but nearly simultaneously over a 
considerable stretch of coast because the offshore deep-water tide is very nearly simul- 
_ taneous over an extended region. (Cf. lemma 15 and § § 99, 112, Part IV A.) 

Examples: The northwestern coast of Australia, the outer coast of Scotland north 
of Ireland, the Atlantic coast of the United States from Rhode Island to Florida, and 
the eastern coast of Nova Scotia. For many miles out from any of these shores the 
water is less than 100 fathoms deep, and yet no great amount of progression occurs. 

Case 2.— Tide wave progressing toward a large island or a corner of a continent. 

As the’ wave approaches the land the tidal streams will no longer be normal to the 
direction of its crest at an earlier epoch; but will be deflected as soon as the shore line 
is felt. In one limited locality, however, the streams may have the direction normal to 
the crest. This point is therefore characterized by earlier tides. Examples: On the 
eastern coast of Madagascar, southwestern coast of Sumatra, southeastern coast of 
Kiusiu, and eastern coast of Formosa, Figs. 7, 36. 

Lemma 22 should now be dispensed with. 

Case 3.—On and just off the open coast not far from the mouth of an estuary or bay 
up which the tide progresses. : 

Consider first a point on the coast some distance from the tidal inlet: High water will 
occur early on account of the stationary character of the wave, the flood setting shore- 
ward and slack water occurring soon after the time of high water. 

As the inlet is approached, the flood just offshore is not directed normally to the 
shore line of the inlet, but gradually approaches parallelism therewith; hence, the incom- 
ing particles are not reflected back from the shore line and do not produce any consid- 
erable stationary wave, and so the hastening of the time of tide from this cause does not 
occur to the extent that it occurred at a point of the coast farther away from the inlet. 

This explains why the cotidal lines may be somewhat convex outward otf the 
mouths of tidal rivers, estuaries, etc. In some instances shoals and channels among 
islands may resemble a tidal estuary or bay in delaying the time of tide at a near-by 
point of the shore line, the essential thing being a transmitting medium. Examples: 
The mouth of the Gulf of Cambay, the mouth of Delaware Bay, of Rio de la Plata, off 
the Golden Gate, off the Loo Choo Islands, and off Spencer Gulf. 

Case 4.—Al the capes or mouth of an estuary or bay up which body the tide progresses. 
The set of the currents in the main or outside tidal wave is supposed to be parallel to the 
general shore line. 

Suppose that two capes or bends in the shore line mark the mouth of the tidal 
estuary or bay. By placing flood arrows just off these capes, the one following the 
general direction of the outer coast and the other that of the bank of the estuary, the 
resultant arrow will show that the flood stream must be directed toward the cape on 
the far side of the estuary and away from the cape on the near side. High water will 
occur unexpectedly early on the far cape or unexpectedly late on the near one. 

The maps of cotidal lines for the North Sea show several instances where the 
cotidal lines are suddenly broken or recurved at or off the far capes or forelands. The 
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coast south of the Gulf of Cambay, India, and in the neighborhood of Point Arena, 
California; the eastern coast of Kiusiu, Japan, and of Basilan, Philippine Islands, are 
other examples. 


Case 5.—A broad reflective bay the direction of whose axis ts transverse to the direc- 
tion of the currents in the main body. 


In a broad reflective bay leading off abruptly from the general shore line parallel 
to which the off-shore tidal currents set, high water may occur earlier along the axis 
of the bay than at certain shore points nearer to the mouth. 

For, the off-shore flood has the general direction of the shore line, and the flood 
well in the bay must be comparatively weak and be directed toward the head of the 
bay. The wave being practically stationary along the axis, it will be high water at the | 
head of the bay as early as at its mouth. This tongue of water, having remarkably 
early tide, gradually produces high water along the shores of the bay in the same 
manner as a stationary wave in off-shore deep water generally controls the tide at the 
shore. ‘These small delays may be due to the trend of the shore line of the bay, to 
shoals, to tidal rivers branching from it, etc. The fact that the off-shore tidal current 
is supposed to set in the general direction of the shore prevents the water at and out- 
side of the mouth of the bay from all flowing toward the bay and filling it practically 
instantaneously as a perfectly stationary off-shore wave would have done. That is, the 
paths of these particles differ somewhat from what the paths would have been had the 
tide in the bay been simply a stationary wave connected with some oscillating area of 
the ocean whose direction of motion coincided with the direction of the axis of the bay, 
Cf. lemmas 9g, 28. 

The Bay of Biscay tide occurs earlier at the eastern part of the northern coast of 
Spain than at the western part of the coast. High water occurs earlier at Cadiz than at 
Cape St. Vincent. It occurs earlier in the Cromarty Firth than along the coast extend- 
ing eastward. The locality of earliest tide on Cape Cod Peninsula is about the middle 
of the western coast. See Figs. 15, 18, and 21. 

10. (32) In going up a tidal river the rate of propagation at any point is usually 
somewhat less than that given by Lagrange’s formula “4, where 4 denotes the mean 
depth of the cross section. 

Reasons for this will be considered in Part V. 


CHAPTER III. 
MATTERS CONCERNING AMPHIDROMIC REGIONS. 


11. The deftecting force of the carth’s rotation. 


From equations (116), (117), Part IV A, we have as the components of the force 
which a unit particle moving on the earth’s surface is capable of exerting because of 
the earth’s rotation, 


Southward force = 2k,v, cos 0= —2k,v,, cos 0 (20) 
Eastward force =—vk,v, cos 9= 2k,v, cos 8 (21) 
Total force =2k,7 cos @. (22) 


The direction (from the south via east ) of action of this force is given by the equation 
ee | 
tan p=—— (23) 


~~ gy 
e | Up 


and the direction (+) of the path of the moving particles by 


tan y=—-f=—. (24) 


The force therefore acts at right angles to the instantaneous path of the particle and is 
therefore a deflecting force. The moving unit particle has a tendency to crowd, or 
slightly move relatively to the earth’s surface, to the right in the northern hemisphere 
and to the left in the southern, the force representing this tendency being 2k,zv cos 9. 

This deduction from Laplace’s equations of motion is known as Ferrel’s law. It 
was demonstrated and published by Ferrel in 1859, in Runkle’s Mathematical Monthly. 
The paper containing the demonstration has been republished by the Signal Service of 
the United States Army in Professional Paper No. VIII. 

In order to show that the earth’s axial rotation must affect the tides, recourse is 
often had to the case of a body moving in a north-and-south direction at a given latitude 
but gradually altering its local direction as other latitudes are reached. However, this 
restriction to north-and-south motions is wholly unnecessary, as equation (22) shows; 
and, moreover, the results of even these motions are not always understood and cor- - 
rectly presented. 

Ferrel thus states the law, and comments upon it: 

Hence in whatever direction a body moves on the surface of the earth, there isa force arising 
Svrom the earth's rotation, which deflects it to the right in the northern hemisphere, but to the left in the 
southern. This is an extension of the principle upon which the theory of the trade winds is based, 


and which has been heretofore supposed to be true only of bodies moving in the direction of the 
meridian. * 


* Runkle’s Mathematical Monthly, Vol. I (1859), p. 307. 
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It is of interest to quote here from Prof. G. H. Darwin’s recent book on tides. Of 
course, the author’s purpose ts illustration rather than comprehensiveness or extreme 
accuracy; but the statements are somewhat misleading in that they impress one 
with the necessity of north-and-south motion in order that a deflecting force shall 
arise. Moreover the second sentence is misleading even for north-and-south motion. 
In fact, the east-and-west acquired component velocity relative to the earth’s surface 
is not simply the difference between the absolute velocities of two points fixed on the 
surface of the rotating earth.’ From D’Alembert’s principle we readily obtain 


d d dx 
Baa OY G* \ gm 
apo ml *o, 7 2m(xY—yX), (25) 


which equals zero because gravity, being the only impressed force considered, passes 
through the axis of rotation. For one particle we have 


dy dx do dp 
X-— — y. =constant= mr? —" =r.mr- -=mom : 
m( hime g aT st HW mr 7; entof momentum. (26) 
That is, the total eastward velocity times » remains the same for all latitudes. 
In these equations the coordinate axes are fixed in space and 7 denotes the distance to 
the axis of rotation. 


When, in the northern hemisphere, water moves from north to south it passes from a place where 
the surface of the earth is moving slower, to where it is moving quicker. Then, as the water goes to 
the south, it carries with it only the velocity adapted to the northern latitude, and so gets left behind 
by the earth. Since the earth spins from west to east, a southerly current acquires a westward trend. 
Conversely, when water is carried northward of its proper latitude, it leaves the earth behind and is 
carried eastward. Hence the water can not oscillate northward and southward, without at the same 
time oscillating eastward and westward.* 


That a particle moving upon the earth’s surface with an eastward velocity tends 
toward the equator, while a particle having a westward velocity tends toward the poles 
can be readily seen from the fact that the ellipticity of the earth's meridian is chiefly, 
directly or indirectly, due to the motion of rotation. ‘Therefore an addition to the abso- 
lute eastward velocity increases the ellipticity while a diminution in this velocity lessens 
the ellipticity. T 


Since the earth rotates 360° in one sidereal day, its angular velocity (k,) is 
©.000 072 921 radian per second, and so the deflecting force becomes 


0.000 145 842 v cos 8 (27) 
poundals. This force divided by ¢ gives 
0.000 004 533 18 v cos 6 (28) 


where v is expressed in feet per second, or 


* The Tides and Kindred Phenomena in the Solar System (American edition), p. 176. 

t The following references relate to the subject of the earth’s deflecting force: Ferrel, A Popular 
Treatise on the Winds, Ch. II. Lamb, Hydrodynamics, p. 322. Under Maclaurin, this manual, 
Part I, 2 95. 
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0.000 014 872 6 v cos 6 (29) 


where v is expressed in meters per second. This is the gradient or transverse slope of 
a narrow stream arising from the earth’s deflecting force. 


12. Amphidromic regions in straits and canals. 


In §§ 4, 5 amphidromic regions due to two systems of free waves in the same body 
have been briefly considered. Mention is there made of the fact that small, deep bodies 
of water which obey the corrected equilibrium theory constitute such regions. This 
section deals with those dependent upon the deflecting force of the earth’s rotation. 

If a channel or strait of sufficient length be so narrow that its free transverse oscil- 
lation period be several times less than twelve hours, the flood and ebb streams will give 
rise to the transverse slope just indicated. 

This transverse oscillation may be combined with longitudinal oscillations, either 
stationary or progressive, in ways analogous to those given in Chapter I. Of coutse, 
this treatment will be only approximate because the character of such motions, when 
influenced by the earth’s rotation, has never been fully ascertained. However, if the 
transverse motions are small, this treatment must be nearly correct. Allowance must 
be made for the variation in velocity at different parts of the channel, as the value of 
the transverse slope depends directly upon the velocity of the stream. 

In a strait connecting two bodies of water whose high waters differ in time of 
occurrence by six hours, and so indicate the existence of a nodal line across the strait, 
the alternating transverse slope will reduce the nodal line to a no-tide point around 
which the cotidal lines will be amphidromic; the progression, i. e., sequence of tidal 
hours, will be counterclockwise in the Northern Hemisphere and pelea in the 
Southern. Similarly for a stationary oscillation in a canal more than 1/ A in length. 

Examples of this are North Channel, Strait of Korea, Norton Sound, arm of sea 
between Holland and England (Figs. 20, 22, 34, 36). 

In a narrow canal or tidal river up which the tide wave is propagated at the rate 
due to depth, the range of tide will be increased upon that side toward which the flood 
stream crowds and decreased upon the opposite side. The times of the tide will, how- 
ever, not be altered. 

In a canal-like body having hi a stationary and a progressive wave, the no-tide 
point will either disappear or be transferred from the position given by the stationary 
wave. The effects can be seen by combining all waves, as in Chapter I. Suppose 
high water of the progressive wave falls upon the nodal line of the stationary wave at 
the time of maximum flood stream; then for a small amplitude of the progressive wave 
the no-tide point will be moved from the center of the stream toward one side, and for 
a large amplitude the no-tide point will cease to exist, but a crowding up of the cotidal 
lines will occur on the one side and a spreading out on the other. 

Examples are the English Channel, Irish Channel, Gulf of California, Gulf of 
Georgia, and Adriatic Sea Pins 19, 20, 31, 32). 


13. Dependent landlocked wave eddies. 


In § 115, Part IV A, a brief account is given of ordinary eddies; i. e., eddies in 
which the flow is everywhere steady for a time at least. We are now to consider 


APPENDIX NO. 5. COTIDAL LINES FOR THE WORLD. 335 


eddies in bodies of water which are largely surrounded by land, and which are so large 
and shallow that various phases of the tidal streams exist simultaneously. Comparison 
may be made with cases 2 and 5 of the section just referred to. 

The motion may be assumed to begin at a point of the coast of the embayment (or 
body of water covered by the wave eddy) where the rise and fall is comparatively large. 
This can be inferred from the rise and fall of the neighboring waters, upon which the 
derived wave eddy depends. The wave proceeds thence along the shores of the 
embayment, but gradually decreasing in amplitude, until it again joins the main or 
outside body of water or passes into some other arm of the sea. Through the greater 
part of its course the rate of the shore wave is about that due to depth; but there may 
be much crowding together or spreading apart of the cotidal lines where the wave 
finally joins the main body. Generally speaking, the nearer this shore wave comes to 
agreeing in phase with the main body where the latter is finally reached, the more 
likely are such wave eddies to exist. The point of beginning of the shore wave is 
often a cape or headland where the coast suddenly recedes from the general direction 
of the tidal motion in the outside body. (Of. Lemma 19.) 

Examples are the southern part of the Gulf of St. Lawrence, Fox Channel, southern 
part of the Gulf of Pechili, the waters between Borneo and Malacca Strait, and the 
main body of the North Sea. The first three are twelve-hour eddies, the fourth a 
twenty-four-hour eddy, and the North Sea may be regarded as an incomplete eddy, 
since the final progression passes into the Skagerrak. There may, however, be a 
small wave from the Naze toward Stavanger, thus completing the twenty-four hours. 
(See Figs. 7, 13, 21, 22, 26, 36.) 

Suppose that for some distance the main body of water rises and falls simultane- 
ously, but that the amplitude decreases from the cape at which the progression of the 
eddy is supposed to originate toward, but not generally as far as the other cape or 
corner of the embayment. This diminution is generally due tothe failure of any con- 
siderable transverse wave motion to set out from the tide of the main body across the 
central or some other part of the opening of the embayment because of the deflecting 
influence or shielding effects of near-by capes and lands. It is sometimes due to there 
being a nodal line of the main body abreast the center of the opening. In this case an 
island situated near the center of the opening will facilitate the formation of the wave 
eddy. 

Consider the low water of the shore wave a short time after leaving the first cape. 
The surface slope from the region of the main body where the amplitude is small, 
toward the locality of low water just mentioned, will then have its maximum value. 
The maximum radial velocity will, because the motion is oscillatory, occur three hours 
later, and so high water from this cause will occur six hours later; i. e., will coincide in 
time with the high water of the progressive transverse shore wave. The causes which 
produce transverse motion at the cape do not exist to any great extent near the region 
of small rise and fall, and so the apparent transverse progression in the embayment is 
governed by the progression along the shore. The cotidal lines radiate from some point 
or locality where the range of tide disappears or becomes very small. If the circuit 
requires 24 hours instead of 12, it 1s probable that the range of tide nearly disappears 
over a region of considerable size; because radial flows in nearly opposite directions 
for opposite points of the eddy are in this case necessitated at one and the same time. 
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In all of these cases the cotidal lines may be spoken of as amphidromic. 

Each of the wave eddies referred to in this section is dependent upon the tide of 
au outside or main body of water with which it is connected. But dependent wave 
eddies are not always landlocked. Suppose the tide wave tobe progressing from open 
water toward the coast through shallow waters. Suppose a broad gulf in the shore 
line converts the incoming wave into a stationary wave of large range at the head of 
the gulf and of small range 144A seaward from this point.* Now suppose that from 
one of the capes marking the head of the gulf the adjacent shore line so recedes that a 
progressive wave sets along the coast and even outward. + Fora while it will havea 
greater range than has the incoming tide. But as it must finally join the latter there will 
be much crowding up of the cotidal lines soon after leaving the cape; consequently there 
will be little or no progression at the rate due to depth, as was assufmed to characterize 
the shore wave of a landlocked eddy during a portion of its course. 

Two such eddies are situated off the eastern coast of Patagonia (see Fig. 29). 

In all these cases the effect of the earth’s rotation, although of course present, is 
probably insignificant, notwithstanding the fact that the order of the cotidal lines is 
generally counterclockwise in the northern hemisphere and clockwise in the southern. 


14. /nucomplete eddies, and islands. 


Incomplete eddies more or less landlocked may be formed in a similar way. 
Referring to Fig. 36 it will be noticed that at Shantung Promontory the range of tide 
is only 4 feet, while at the cape on cpposite Korean coast it is 7.7 feet. The shore 
wave follows the Korean coast and governs the time of tide in the shallow sea between 
the Yellow Sea and Pechili Strait. Shantung Promontory is a turning point for the 
tide around which the cotidal lines are crowded together. Lemma 28 applies to this 
case, but it also applies to many capes at which the range of tide is even greater than in 
the offing. The southwestern corner of the Falkland Islands is a turning point for an 
imperfect wave eddy, whose sustaining shore line extends from Staten Island to Port 
Santa Cruz. Cape Chidley and Ungava Bay form another example. 

In channels of moderate width incomplete eddies may result from the deflecting 
force of the earth's rotation. Examples are given at the close of § 12. 

If near one end of an island in the ocean there is a much larger tide than prevails 
off the other coasts of the island, the tide wave may appear to progress completely 
around it and the tidal hours form a complete cycle of values. The cotidal lines are 
made to radiate, as it were, from the island from two causes—the first, that given under 
lemma 28, depending upon the curvature and trend of the shore line, and the second 
that given in § 36, Part IV A, and depending upon the shoaling around the island. 
Examples are New Zealand and Iceland. 

Generally, however, the wave which passes around both ends of an island is so 
nearly alike in range and in phase that although some of the cotidal lines radiate from 
the island (both causes just mentioned being operative) only certain tidal hours will be 
represented. Examples of this are the Falkland Islands, New Caledonia, Formosa, 
and Franz Josef Land. 


 * Cf 834, Part IV A. t Lemma 19. 
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15. Amphidromic regions tn the ocean. 


If an ocean be conceived to oscillate in more than one system it may happen that 
around a certain point or region the theoretical hours of the tide; i.e. those given by 
the tidal systems, form a cycle of values. 

In § 4 the cotidal lines for two systems in a square body of water have been dis- 
cussed. An irregular progression from the points representing the middle of the loops 
of one system to similar points of the other system was shown to exist—the direction 
of the progression being such that the time difference between any two adjacent loops 
is less than six hours. But if a nodal line of one system, whatever its form, crosses a 
nodal line of the other there must be a progression about a no-tide point, or point where 
the nodal lines intersect; for, these lines may always be regarded as right lines for 
some distance from their intersection, ‘and the particles of each system there oscillate 
as if near the nodal lines of two rectangular areas. Upon referring to Fig. 23, Part 
IV A, it is evident that one such progression must occur along the coast of Somali Land 
and another along the coast of California. 

Antecedent waves which move toward openings in the coast line (or toward suddenly 
receding parts of it) at approximately the rate due to depth, often govern the time of 
tide in certain parts of amphidromic regions, especially near the nodal lines and the . 
free boundaries of the oscillating areas, where the range of the direct tide is small. 
Such a progression, due to the openings and shallow seas into and around the British 
Isles, to Denmark Strait, and to the opening between Cape Farewell and Labrador, 
extends across the northern part of the North Atlantic Ocean (Figs. 6, 12, 18, and 20). 

The southwesterly progression toward the Fiji Islands and New Caledonia 
influences the time of tide in the northwestern half of the amphidromic region whose 
no-tide point is situated northwest of the Society Islands. 

According to lemma 25, between two not too distant nonsimultaneous regions, the 
time of tide will gradually change from the value belonging to the one to that of the 
other; i. e., the tide wave will seem to progress, but not as a free wave at the rate due 
to depth. That this must be true is self-evident; but how the change takes place 
between two regions belonging to different systems has not been ascertained. 

If two bodies of water having tides of their own, which differ in time by six hours, 
are connected by a strait, the wave of the strait is stationary and there will be no pro- 
gression from the one to the other, and a nodal line will extend across the strait.* If 
now on one side of the strait a progression exists it will obliterate a portion of the nodal 
line, and a very rapid progression between the two bodies will be observed. The hori- 
zontal motions of the stationary and progressive waves may be supposed to agree in 
phase at the nodal line. Similarly, for a progression which may exist on the other side 
of the strait. If both progressions are in the same direction the cotidal lines will simply 
bunch up in the strait. If the progressiqns take opposite directions on opposite shores 
the strait will constitute an amphidromic region. The cotidal lines will either radiate 
from a no-tide point, or, if the amplitudes of the progressive waves become zero not far 
from the shores, they will branch off from the nodal line. In either case there will be 
at each end of the strait a region of nearly simultaneous tide, while along the shores 
the time of tide changes rapidly. 











* Cf. ¢¢ 35, 102, Part IV A. 
10277-—04——22 ; 
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Examples: The broad strait between Iceland and the Faroe Islands has at its 
Iceland side a southerly progression due to the considerable tide passing through Den- 
mark Strait and following the northern and eastern coasts of Iceland; at its Faroe 
side it has a northward progression due to the fact that these islands form a part of the 
broken boundary adjoining a good rise and fall.* In a similar way is explained the 
amphidromic region between the Faroe and Shetland islands. 

As noted in the last section, islands or capes accompanied by gradual shoaling of 
near-by waters often have the effect of turning or deflecting toward themselves pro- 
gressive waves. ‘The reasons for this are obvious in case of a solitary wave advancing 
at rates due to depths. The phenomenon is analogous to refraction.t Other means of 
accomplishing deflections are given under lemma 28. 

Amphidromic regions in the ocean generally have one or two broad spaces or 
sectors of practically simultaneous tides. Over such sectors none of the three causes 
just mentioned as giving rise to apparent progressions are more than barely discernible. 
They are regions in which progressions from other quarters of the ocean lose them- 
selves or in which progressions to distant quarters begin to appear. According to 
circumstances the range of the tide may be considerable or it may be small. 

That the deflecting force of the earth’s rotation materially assists in the production 
of amphidromic regions in the ocean is doubtful; moreover, the one in the Indian 
Ocean lies under the Equator and the one around Tahiti lies comparatively near to it. 


16. The principal amphidromic regions of various kinds. 


| 
Position of no-tide point or center | 








Location Kind 
Latitude | Longitude 
° / | fe] , | 
Indian Ocean 1 33 S$ 64 52 E. | Ocean eddy 
S. E. of Newfoundland fo oo +N go oo W. | Ocean eddy 
Off Holland 52 24N 3 14% E. | Channel eddyt 
S. W. of Norway 57 37. N 5 15 E. | Wave eddy 
_ North Channel 55 18 N 6 00 W. | Channel eddy t 
Bet. Shetland and Faroe Is 61 39 N 5 25 W. | Broad-strait eddy 
| Bet. Faroe and Iceland 63 06 N.| 10 18 W. | Broad-strait eddy 
_ Fox Channel 69 o9 N.| 79 co W. | Wave eddy 
| Off Patagonia 45 18 S.}| 63 37. W.] Wave eddy 
Off Patagonia fo 55° S 60 45 W. | Wave eddy 
Bet. California and Hawaii 30 25 +N. | 141 25 W. | Ocean eddy 
Norton Sound 63 53 N. | 163 41 W. | Chanuel eddy t 
Strait of Korea 35 32 N. | 130 45 E. | Channel eddy t 
Gulf of Pechili 138 24 N.! 119 47. E. | Wave eddy 
West of Borneo | o 2i S. | 107 20 E. | Wave eddy 
N. W. of Society Is. 14 7% S., 153 13. W. | Ocean eddy 
S. E. of New Zealand 51 30 SS. | 172 10 W. | Ocean eddy 
Mediterranean Sea Isle of Crete : Equilibrium eddy 
Gulf of St. Lawrence Magdalen Islands Wave eddy 
W. end of Java Sea Billiton Island Wave eddy 


* Lemma 14. 

t See 2 36, Part IV A. 

t That is an eddy due to the deflecting force of the earth’s rotation acting upon a stationary wave 
which possesses a nodal line and occurs in a channel, strait, or sound whose width is a moderately 
small fraction of A, 4 12. 


CHAPTER IV. 


COTIDAL LINES. 


17. Remarks on cotidal charts. 


Definite suggestions concerning cotidal lines were made by Dr. Thomas Young 
about a century ago.* In the Philosophical Transactions for 1831, Sir John W. 
Lubbock marked upon two charts, one for Great Britain and one for the world, the 
Greenwich and local times of the tide at the time of new or full moon. In a few 
instances he indicated the positions of cotidal lines. Dr. William Whewell drew 
cotidal lines for Great Britain, the coasts of Europe, and the world at large, although 
attempting little in the Pacific Ocean. f 

A few years later, Sir Geo. B. Airy gave in his Tides and Waves a chart for Great 
Britain and one for the world based chiefly upon the charts of Whewell. 

A map of the world showing the establishments, Greenwich times of tide, and 
spring ranges is given in a book entitled ‘‘ The Tides’’ published by the Society for 
Promoting Christian Knowledge, London, 1857. A chart of the coasts of Europe, 
showing the Greenwich times of tide, the spring ranges, also the character of the tide 

waves, whether progressive or stationary, accompanies the text. No attempt is there 
- made at drawing the cotidal lines. 

In the U. S. Coast Survey Reports for 1854 and 1857, Superintendent Bache gives a 
sketch of the cotidal lines for the Atlantic Coast; a similar sketch is given for the 
Pacific Coast in the Report for 1855. In the Report for 1856 a sketch is given for the 
diurnal wave of the Gulf of Mexico, and in the Report for 1862, maps for both diurnal 
and semidiurnal waves around the Gulf coast of Florida. 

Many other maps of cotidal lines for limited areas have been published at various 
times. The most recent cotidal chart of the world is one by Berghaus, constructed in 
1889-go, and which accomipanies his Physikalischer Atlas; it 1s reproduced as Fig. 25, 
Part IV A. Healso gives a chart for western Europe, reproduced as Fig. 26, Part 
IV A, one for the East Indies and China, and one for the West Indies and the Atlantic - 
coast of the United States. Van der Stok, in his book entitled ‘‘ Wind and Weather, 
Currents, and Tidal Streams in the East Indian Archipelago,’’ gives two maps around 
this archipelago, which are reproduced as Figs. 29, 30, Part IV A. 

Generally the cotidal charts have been constructed for the purpose of showing the 
Greenwich lunar time of high water on the days of full and change of the moon; that 


—— 





——e 


*Lectures on Natural Philosophy, Vol. 1; Nicholson's Journal, Vol. 35 (1813), pp. 145-217; 
Encyclopedia Britannica (Eighth Ed.), article ‘‘Tides;’’ Miscellaneous Works, Vol. II. 
ft Phil. Trans., 1833, 1836, 1848. | 
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is, the vulgar establishment is converted into lunar hours and to it the west longitude, 
expressed in hours, is added or from it the east longitude is subtracted. If harmonic 
analyses were sufficiently numerous, the establishment obtained by dividing M,° by 30 
could be used to advantage; the chief drawback to this proceeding would be the fact 
that the mean time of high water is affected by the higher harmonics M,,M,, M,,... 

In the charts accompanying this paper, the mean or corrected establishment has 
been used. While this may, from a scientific point of view, be less desirable than the 
M, establishment, it has the advantage of referring to actual high water instead of to 
component high water. The difference may be considerable in rivers and other shallow 
bodies of water. 

The Roman numerals denote the Greenwich lunar time of mean high water. Zhe 
side of the line upon which a numeral is written indicates the direction in which the wave 
appears to progress. Of course in most oceans and deep bodies of water simple 
progressions of free waves at rates due to depth seldom occur by themselves; and 
reasons for this fact have already been given. For convenience the word ‘‘ progression’’ 
will be constantly used in connection with any sequential change however irregular or 
complicated this may be. 

At most localities the vulgar establisnment is about one-fourth ‘of-a lunar hour 
greater than the corrected. The approximate cotidal hours from the values of M, 
intervals are given in § 97, Part IV A; § 19, Part IV B. The values of the true mean 
intervals, which alone are supposed to be used in the accompanying charts, have not 
always been determined. Many are given in the Coast and Geodetic Survey Tide 
Tables. 

The Arabic numerals scattered over the cotidal maps indicate mean ranges of the tide 
in feet at the points or localities to which they refer. If the values are estimated from 
spring and neap ranges they are generally given to whole feet only; if, however, a 
somewhat closer estimate is attempted, common, and not decimal, fractions are used. 
The latter fractions generally signify that the mean ranges have been determined 
either by computation from harmonic constants (according to rules given in Part IIT) 
or have been deduced directly from observations. If the diurnal wave is so large that 
only one high water and one low water occurs daily when the moon is near extreme 
declination, the diurnal components are omitted from the computation of the mean 
semidaily range of tide, and the resulting ranges are bracketed. 

Charts of ocean depths are given as Figs. 19, 20, Part IV A, but in actually con- 
structing cotidal lines many detailed charts are required. A few of the more interest- 
ing localities are given as Figs. 31-39, Part IV A. 

In shallow bodies there may be progressions at rates due to the depths. Table 50, 
Part II, may be adapted to such cases. Table 51, Part IV A, is for deeper bodies. 

‘Time and data are wanting for constructing cotidal lines for the diurnal tides, 
but this work may be undertaken in the future. It is hardly necessary to say that the 
accompanying charts have cost much labor, and still leave much to be done. 


18. Sources of information. 


Much data relating to tides can be found in §§ 79-97, Part IV A. A table con- 
taining the more important harmonic constants from analyses recently available is given 
in § 19. It forms a continuation of the table found in § 97, Part IV A. A brief list 
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for general reference is given here. Other references intended for particular regions or 
localities will appear in connection with the descriptions of the cotidal lines. Many 
sources of minor importance, although used in constructing the charts, will not be 
referred to. 

Tide Tables for the British and Irish Ports, by the Admiralty. 

Tide Tables, by the Coast and Geodetic Survey. 

Philosophical Transactions of the Royal Society of London. 

Proceedings of the Royal Society of London, especially Vol. 39 (1885), Vol. 45 
(1889), Vol. 71 (1902). 

Reports of the British Association for the Advancement of Science. 

Annales Hydrographiques. 

Reports of the Survey of India, 1886-89, 1892-95, 1900-1901. 

Reports of the Coast and Geodetic Survey. 

Comptes-Rendus des Séances de 1’ Association Géodésique Internationale for 1900, 
Vol. II, special report. 

J. P. Van der Stok: Wind and Weather, Currents, and Tidal Streams in the East 
Indian Archipelago. Batavia, 1897. 

W. Bell Dawson: Reports of the Survey of Tides and Currents in ‘Canadian Waters. 

Archives Néerlandaises des Sciences Exactes et Naturelles, 2d Series, Vol. 6. 

Algemeene Dienst van den Waterstaat. Verzamelingstabel der Waterhoogten, for 
the month of April, 1894. . 

Vandstands-Observationer, Udgivet af den norske Gradmaalings-Kommiss‘on. 
Christiania, 1882. : 

Resultater af Vandstands-Observationer paa den Norske Kyst Udgivet af den 
Norske Gradmaalings-Kommission. Christiania, 1904. 

Narrative of the Surveying Voyages of His Majesty’s Ships Adventure and Beagle, 
Appendix to Vol. II. London, 1839. 

Voyage autour du Monde, de 1’Uranie, Vol. II. Paris, 1826. 

Voyage autour du Monde sur la Frigate Vénus. Paris, 1844. 

Data relating to tides and tidal streams in nearly all parts of the world may be 
found in the various Pilots, also upon many of the Charts, both of which are published 
by the British Admiralty. Somewhat similar matter may be found in the Pilots and 
upon the Charts issued by the U. S. Hydrographic Office; also, for the United States 
and dependencies, in the Coast Pilots issued by the Coast and Geodetic Survey. Many 
references to particular sources of information are given in the preface to the Coast 
and Geodetic Survey Tide Tables. 


19. Intervals, ranges, cotidal hours, ctc., derived from harmonic constants, 


The following table forms a continuation of the one given under § 97, Part IV A, 
where a brief description may be found. 
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| ‘ EAST COAST OF AMERICA. | A ne eae ee 
North. , West. | 
154 Nassau, Bahamas.................. 25 05 | 77 2 § OY) 1.24 | 213.4 ! 7.11 | O21 237 0.30 Igt 0.28 
155 Great Harbor, Culebra Island..... 18 18 | 65 17 421 0,29 | 241.2 ! 8.04 0.04 | 266 0.05] 223 0.25 
156 Sa th: [UB 5: 0 sies eile ce hae ane ve wwat 4 18 29 66 07 $24 0.49 ) 246.3 8.21 0.07 | 267° OI 232 0.27 
157 POnCe. PF. Royse ead tees ts 45a oo eed 17 59 '' 66 40 4 27 0.03 280.0 9.33 0,02 264 0.01 160 0,24 
165 COlOtiina-Aéecseen dee da eatayse tes: 9g 18! 79 51 § 19 0.27 8.2 0.27 4.0.03 | 195 ......[...... 0. 37 
170 Iles du Salut ........... 0.0.0.0 0008- 517) §2 35 330 2.59 118 5. O93 0292 | Td? xseuwlevcaes 0. 33 
South | : 
180 Rio de Janeiro .............ccceeee 22§5' 43 09 253 1.03 | $2.7 2.76 0.9 OG. tdle aegis 0.16 
| 184 Montevideo ............. cece ecco eee 34 53 | §6 12 345 O19 34.2, 1.14 04 | 318 0.06] 354 _ 0.05 
WEST COAST OF AMERICA. North. | | | | 
251 Sergius Narrows ..............0000- 57 25 | 135 38} 9 03! 4.93 W.7 0.39 1.66 45 | 1.06] 348 | 1.58 
251.5 | Hoomiah .......... ccc cece cece cece S807. 135 47° 9 03 58.97 14.2 47 2.03 48 | 1.12 | 341 | 1.71 
252 Port -AMNOrp i icon eaeece enews 88 07 136.17 5 9 OF 3.601 352.5 ITN 1.13 CER e a eee ‘ 1.48 
252.5 | Granite Cove.............ecececeees 68 12 | 130 24 9 6 ' 4.01 5.9 20. «1. 2g 0.77 | 337 | 1.45 
255 Kokinhenic I ...............000000 60 18 | 145 03} 9 40 (Wiz Ing 40 0.28 51 | 0.26 | 348 | 0.41 
256 Pete Dahl Slough........... ews 60 23 | 145 24 | 9 42'3.§2 12.7 42 1.05 46 0.64 | 358 ; 1.57 
| 259 Orca, Prince William Sound.. .... 60 34 | 145 41 , 9430 4-52 387-7 11.92 1,61 40 ' 0.88 | 335 1.53 
260 Orca, Cape Whitshed .............. 60 28 14555! 9 44) 4.42 8.4 0.28 | 3.56 44 0.80] 344, 1.51 
261 Camp April ................0 ee eeees 60 32 146 00 9 44 4.54 356.0 11.87 1.53 32 0.91 | 331 1.47 
262 Valdez Ariss sa6cceetos caana cee 61 07 146 27 9 464.51 353.7 TI.79 1.52 25 0.86 | 327 | 1.66— 
267 Peterson Bay.......... cc seeeceeeeess 54 24 | 162 38 10 §1 ' 1.92 354.8 11.83 0.73 | 18 0.37 5 342 | 1. 36 
268 Tigalda Bay..............0...0000e. 54.05 | 165 10] 11 or! 0.38 60.1 2.00 0.28; §]|0.20] 47 | 1.09 
| 269 Unalga Bay ............0cee ee veees 54 00} 16610] 1105 0.61 105.2 3.51 013 | 304 | 0.29 | 67 | 1.06 
270 Dutch Harbor.....................-] 53 §4 | 166 32 | 1106 0.86 111.5 3.72 0.07 350 | 0.31 62 | 1.06 
271 Kashega Bay............c.ccee cease §3 28 | 167 05 | 31 OB 0.71 95.5 3.18 | OS tS: en Pe 1.13 
285 Port Clarence ........... cc. cece eee 65 14 166 24 | 11 06 0.47 | 213.4 897.11 | 0.03.» 346 | O14] 133 | 0.25 
EAST COAST OF ASIA. , ! 
300 PIES) otis dena eebian punts sane | 67 03 | 173 30 | 11 34 0.10 4.8 0.16 | 0.03 | OD Jereeecfecseesfeeeees 
| East. | 
309 TOMA cst ree cents twiasiewse es 43 46 | 145 29 9 42! 0.94 107.9 3.60, 0.43 149 |......]..... 0. 85 
317 Kiritappu, Yezo.................... | 43 03 | 145 10 9 41 0.92. 10§.4 3.51 | 0.43 146) each | Sawes 0. 68 
328.5 | Ohatake, Nippon................... | 41 25 | 141 10 9 25 0.89 | 108. § | 3.62 | 0.42! 144 0. 59 
333 Soe ana reerasemmr 38 23, 141 26 9 2% 1.11 | 114.3 | 3.81 | 0.52 | 152 |......]..008. 0.77 
336 PRPAUG A ii end be daca edges 36 51 | 140 48 9 23 0.97; 115.4 | 3-85 | 0.48 | 145 «0... penne. 0. 72 
337 Chosi Kawaguchi.................. 35 44' 140 50| 9 23 | 0.67 | 132.8 | 4.43 | 0.23 oe eee 0. 63 
338 NARASANS oie ica Seis evade sdescaan 35 42 ; 140 51 9 23 | I.t1 |) 118.8 3.96 | 0,51 | LAG a Gicce lye haa's 0. 73 
339 Ratsuteio ci ixevean ete eaawie. 35 Io | 140 17 9 21 | 1.19 138.3 | 4.61 | 0.§2' 1170 |..... |...... o. 78 
339:5. | OUONAMA casei cw etereds bewawclens 34 55 | 139 56 ! 9 20 | 1.10 , 143.2] 4.77 | 0.53 180 1......|...... 0. 69 
341 Shinagawa! .........csccccscveccaecs 35 37 | 139 45 9 19 | 1.60 | 159.0] §.30/} 0.74 191 | ee Peer 0.71 
341.5 | Kamagawa ...... cc cece cece eee ees 35 28 | 139 39 919 | 1.45 140.0| 4.67, 0.80, 181 | a eee o. 83 
342.1 | Uraga nishi Uraga................. 35 15 | 139 44 919] 1.24 145.9 4.86 | 0.60! 177 0. 78 
342.2 | Aburatsubo ......... ccc ee ce eee ees 35 09 | 139 37 g 18 | 1.21 143.4] 4.78 | 9.53 173 il aan ea vgce | Oe 
342.3. | Hashirimitzu ................00.05. 35 15 | 139 44 9 19 | 1.36 | 150.3 | 5.01 | 0.66; 181 | ee eae 0. 77 
342.4 | Sagami Daiichi Kaiho ............. 35 19 | 139 46 9 19 | 1.46 | 148.7 | 4.96 | 0.69 | WSO) eis ches | Oe8I 
342.6 | VYoKOstkais cis sicve vcs scvcsesacees 35 18 | 139 39 9 19 | 1.43 | 182.3] §.08 | 0.69 | Wr ....../...... 0.77 
3427 || SHUMOEA cscs iw send ie eaieekanes 34 40 138 57 9 16 1.29 162.4 | 5.41 | 0.§9 186 ......]...... 0. 79 
342.8: |) APO nc 4 setae awl baie ae aes 34 48 138 47 915 1.33 166.9] 5§.56| 0.69 186 | Pine heaoe 0.74 
357 FY she ied oh ohae teed eee sdaneees.2 33 55 135 06 900 1.52 180.8} 6.03 , 0.73 203 |......|..0.. 0.70 
387.1 | Osaki, Inland Sea................5-| 34.07. 135 09 9 O1 | 1.49 185.7 6.19 | 0.73 ay | wig td dua ated 0.977 
357-2. | Wakanoura Dejima, Inland Sea... 34 11 135 11 gor: 1,40 185.2] 6.17 | 0.68 225 |......1...08. 0.75 
357.3 | Osaka, Inland Sea .............005. 3439 «135 26 902 1.01 214.8] 7.16 0.62 237 eran errr o. 88 
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|} (Ki0 +019). | Cotidal hour. 


: So. : No. Ox. Py. 
o,| O:. | Or. | Pre | Pro. || Na _Pr. 
Ki A , : BONS RS LNG | KS. | Ra, 





| Semi- 


Ki + O1. 
M2? — N2°. 
Ky,° — Or, 


S2 — M2°. 







































































De- | Lunar : Diur- 

grees. | hours. | ore “| nal. 
ad Ft. 2 Ft, 2 | Ft. i . 2 2 ho | ok. kh. 
120 | 0.21 | 124 | 0.09] 122 0.17 | 0.24 | 0.75 | 0.32 | 9.49 24 22 ~4 jj 122 8.13 0.26; 13.28 | 154 
162 | 0.19 | I55 |...-eeleeeeee 0.14 | 0.17 | 0.76 |...... | 0,44 25 18 7 : 158.5 | 10.57 | 0.39} 14.92 | 155 
163 | 0.24 | 161 |......[...... 0.14 | 0.22 | 0.89 }......: 0. 5! 21 14 2' 162 10.80 0.61 | 15.20 | 156 
186 | 0.18 | 175 |...-.e!o enone 0.67 | 0.33 | 0.75 |.--.5. 0.42 |— 16 120 1 180.5 | 12.03 §U72 \ece-sa eas 157 
1§8 | 0.20 | 160 )......1...... O21 fweaare 0. 54 |--e0ee 1 Oc 57 |=173. |etenas —2] 159 10. 60 5.59 | 15.92 | 165 
199 | 0.23 | 181 }......] ..... 0. 36 ! atone 0. 70 loses 0. 56 72 a ee 18 | 190 12. 67 7.43 | 16.17 | 170 
161°] 6235: || AO co 3eaclevenes O87 lites 208. cack 0.49 '- 8 ]...... 60 =—-:13I 8.73 

1 

318 | 0.02 | 256 ]......|...... | 0.21 | 0.32 | 0.40 |...... 0.07 (= 76 40 62 287 19. 13 














11g | 0. 65 G9 i oeenetieetan Of 31 jsexees 0.44 |...... 2.13 Al Nosee3 | 20 |! 109 727 8.86 | 16.35 | 252 
126 | 0.94 | 114 |......]...6-- 0. 34 | 0.19 | 0.65 |...... 2. 39 32 29 ! 12} 120 8.00 9.30 | 17.10 | 2§2.5 
T5871 0.34 4) 178 |[oecact leaders 0. 25 | 0.23 | 0.83 |...... 0.75 39 24 —21 167.5 | 11.17 | 10.07 | 20.84 | 255 
137 | 0.84 | far {......].... -| 0.30 | 0.18 | 0.54 f...... 2. 41 33 15 16' 129 8.60 | 10.12; 18.30 | 256 
130 | 0.98 | 115 |.....-|.----- 0. 36 | 0.19 | 0.64 I...... 2. 51 42 23 1§ | 122.5 8.17 9-64 | 17.89 | 259 
130 | 1.06 | 118 |....../...... 0.35 | 0.18 | 0.70 |...... 2.57 36 24 “12, 124 8.27 | 10.01 | 18.00 | 260 
124 | 0.98 | 110 |....../...... 0. 34 | 0.20 | 0.67 |...... 2.45 | 36, 25 4 og 7.80; 9.60! 17.53 |26r | 
423°) O2975)) TIT |saeeds|essads 0. 34 | 0.19 | 0.58 |...... 2.63 31 27 12 17 7.80 9-56 | 17.57 | 262 
124 | 0.77 OF lean ced laneae 0.38 | O19 | 0.57 |....-. 2.13; 23 13 27' 110.5 7.37 | 10.68 | 18.22 | 267 
146 | 0.63 | 134 |......[-..-.- 0.74 | 0.53 | 0.58 |...... 1.72 |— 55 13 12 | 140 9. 33 1.02 | 20.35 | 268 
148] 0.72 |) 130 [éssees|.odacs 0.2t | 0.53 | 0.68 |...... 1.78 |—161 38 17. 139.5 9. 30 2.59 | 20.38 | 269 
152 | 0.72 | 142 }......] ....- 0.08 | 0.36 | 0.68 |...... 1.78 |—122 49 10 | 147 g. 80 2.82 | 20.90 | 270 
I5I | 0.74 | 129 |..... [.eeee- 0.15 J..eee- 0.65 |...... EBS Slee 22; 140 9- 33 2.31 | 20,46 | 271 


IIgs | 0.12 | 287 |..... -seee-| 0,06 | 0.30 | 0.48 |...... 0.37, 133 80 | —172 | 201 13. 40 6, 21 0. 50 | 285 


160 | 0.70 | 142 |......].-.0-. 0.46 |...... 0.82 |...... 1.55 | 64 |....-- 18 | 151 











5-64 | 11.61 | 180 
4.89 | 22.88 | 184 
130 (| :1s035( TEE [owece sel wae 0.34 | 0.22 | 0.65 !...... 2.61 33 24 IQ 120.5 8.03 9.44 | 17.08 | 251 
130 | 0.98 | III |......-]...... 0. 34 | O19 | 0.57 |...... 2.69 34 33 | 19’ 120.5 8.03 9. §2 17.08 | 251.5 


10. 07 5.90 0. 37 | 309 
152 | 0.62 | 161 |......]...... O:47 leoeins 0.91 |...... I. 30 r |) al een — 9, 156.5] 10.43 5.83 0.75 | 317 
144 | 0.48 | 142 |......]...... 0.47 |eseess 0.81 |...... 1.07 85 i xeaees 2] 143 9-53 6. 20 O.11 | 328.5 
156 | 0.66 | 152 |.. ...]. ....] 0.47 |......] 0.86 |...... 1.43 BB ees wee 4) 154 10. 27 6. 38 0. 84 | 333 
1§9 | 0 56; 156 |......)...... 0.49 (eeise<] Oc FS: oes ces 1. 28 30 |es5 ken 3) 157-5 | 10.§0 6. 47 1.12 | 336 
1741 0.44 | 166 |......).....- 0:38 > [32209 0:90 tesewes 1,07 AD |ecasaais 8 | 170 11. 33 7.05 1.95 | 337 
161 | 0.59] 150 |.....---+6-- 0.46 |....6. 0.81 |...... 1.32 RO lees Ir | 155.5 | 10.37 6.58 0.99 | 338 
166 | 0.56 | 154 |....-. ---0e- OMA aaa cas 0:92 lies 1.34 SY |ibeaes 12; 160 10.67 7.26 1.32 | 339 
172 | 0.60 | 155 |....--)--00-- 0. 48 |...... 0. 87 |.....-. 1.29 S7 leeueen 17; 163.5 | 10.90 7.44 1.57 | 339-5 
169 | 0.61 | 164 |....../...... OG |e cece] 0.86 levees 1. 32 BP lesaitats 5 | 166.5] 11.10 7.98 1.78 | 341 
164 | 0.63 | 160 /....../...... 0.55 |...... 0.76 |...... 1.46 AY |e seces's 4] 162.5 10.80 7.35 1.48 | 341.5 
163 | 0.61 | 154 |......]...... 0. 48 |...... 0.78 | ...../ 1.49 1 al eer 9 | 158.5 | 10.57 7.54 1.25 | 342.1 
170 | 0.599 | 154 |..--..).-.0- 0.44 |.....-. O97 be cesas 1. 36 on eer 16 | 162 _10. 80 7.48 1.50 | 342.2 
169 | 0.64 | 158 |......)...... 0.49 |...... 0,83 |....-. 1.41 BD. escwates Ir | 163.5} 10.90 7.69 1.58 | 342.3 
165 |] 0.58 | 158 |......).....- O47 | etaceds 0292 |. sce 1.39 eee 7! 161.5 | 10.77 7.64 1.45 | 342.4 
164 | 0.61 | 137 |...... 0.000 0:48 | aaeea 0.79 |...0.. 1.38 99: leadaee 27.| 1§0.5 | 10.03 7.76 0.71 | 342.6 
169 | 0.64 | 163 |...... eects OLAS Vee sees 0.81 |. ....| 1.43 a ee 6| 166.0; 11.07 8.14 1.80 | 342.7 
182 | 0.50 | I70 | .....|...... 0.520) .a6ee 0.68 |...... 1.24 19) eas 12; 176 11.73 8. 31 2.48 | 342.8 
197 |-0.55 | 172 |ovesewlosaces 0648 (eweains 0.79 |....6- 1. 25 oy a eee 5 | 174.5 | 11.63 9. 03 2.63 | 357 
182 | 0.63 | 170 |......}...... 0.49 |......| 0,82 |...... 1.40 P| al eee 12 | 176 11.73 9.17 2.71 | 3$7.0 
189 | 0.57 | 165 |......|.....- 0.49 |...--- 0.76 lescaes I, 32 40 |i eeaes 24 «197 11.80 9. 1§ 2.78 | 357.2 
195 | 0.65 | 180 ]......|...... 0.61 |......] 0.74 |.....2] 1.53 12 essand | 15 | 187.5 | 12.50 | 10.13 3-47 | 357-3 
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362. 10 
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362. 35 
362. 40 
362. 45 
362. 50 
362. 55 
362. 60 
362. 62 


oJ 


362.70 


363. 
363. 
363. 
363. 
365 
379 
379: § 
381 
384.5 
385 
385.5 
386. 05 


a 
Bee ee wees Ste aa Oe 
ESESTESRSEABY 


386. 10 
356. 15 
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358. 25 
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Station. 


bn eat ed 


EAST COAST OF ASIA—continued. 


Kobe, Inland Sea.......... ....... 
Akashi, Inland Sea......... ...... 
Shikama, Inland Sea.............. 
Setoda, Inland Sea........... tice 
Kure, Inland Sea .................. 
Ujima, Inland Sea................. 
Etauchi, Inland Sea ............... 
Nasakejima, Inland Sea............ 
Ohatake, Inland sea............... 
Aohama, Kiusiu.................0.. 
Kakachi, Inland Sea .............. 
Kaminoseki, Inland Sea........... 
Okikamuro Shima, Inland Sea.... 
Aoshima, Shikoku, Inland Sea.... 


Gokoshima, Shikoku, Inland Sea. 


Mitarai, Shikoku, Inland Sea .... 

Kurushima, Shikoku, Inland Sea . 
Kuroshima, Niigori Syo..... ..... 
Awashima, Shikoku ............... 
Naoshima ............... 00000005 ee% 


Murotsu, Awaji........... 0... eee, 
Anaga, AWAji........... cece cece eee 
Fukura, Awaji...... ......-....00. 
Swaya, Awaji.............-2.. 0.08 
Donoura, Shikoku................. 
Kitodomari, Shikoku .............. 
Aziro Kameura.............0. 0205. | 
Magosaki, Shikoku ......... ...... 
Tosadomari, Shikoku....... ...... 
Fukuoka, Kiusiu................00. 
Fuyasikemura, Kiusiu............. . 
Kanekasemura, Kiusiu ............ 
Moji, Kiusiu........... 0.2.00. 0. eee 
Hedomari, Shemonseki Str........ 
Omishima, Nippon................ 
Kosigahama, Nippon.............. 
Maizuru, Nippon................... 
Wajima, Nippon ................... 
Nanao, Nippon ............... «25. 
Putatilecn i. 4.25 ou ti ae Shaeuae ee 
I DIS 3.64 ses ee A 
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ft. 2 h. 
1.02 216.0 7.20 
3.44 256.7 8. 86 
O.8g 319.5 10.65 
3.48 36.5 10.22 
3.40 277.1 9.24 
3-26 283.4 9-9. 88 
3.75 278.1 9. 27 
3.13 262.58 S. 76 
2.92 260.9 8S. 70 
3.54 254.1 8.47 
3.05 258.4 8.61 
2.06 257.6 8.59 
2.94 242.5 8.75 
3.03 25802 8.581 
3-15 270.3 9,01 
3-59 289.3 9. 64 
3.84 288.7 9. 62 
3-71 290.8 9.69 
3.54 328.3 10.94 
2.22 319.3 10.64 
1.60 317.5 10.58 
0.95 339-9 11.33 
1.14 348.1 11.60 
0.72 334.7 | 11.16 
1.09 338.1 | 11,27 
1.45 192.3 6,41 
0.37? 219.9 7.33 
O.g§ 2IN.9 7+ 30 
0.58 270.1 g. 00 
1.17 350.7 11.69 
0.4K) 329.9 ) IT,.00 
1.10 204.6 | 6. 82 
1.88 272.4] 9.08 
1.58 280.7 |] 9.36 
1.§1 336.1 | 14.20 
2.44 201.5] 8.72 
1.2 259.8 | 9.66 
0.63 316.5 | 10.55 
0.5% 326.1 | 10.85 
O, 24 67.1 2. 24 
0. 20 | 78.2] 2.51 
0, 21 7 77-9 | 2.60 
0, 20 | 81.5 | 2.72 
0.18 | 72.9), 2.46 
o.17 | SS.4 | 2.95 
0.17 | 97.8, 3.26 
0.25 | 89.4 | 2.98 
0.59 | 104.9 | 3.50 
0.58 | 105.0 | 3.§0 
0. 06 , 103.9 3. 46 
0.16 © 116.4 — 3. 88 
oO. 
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Kyx°. | Ox. 
“ Ft. 
192 67 
212 62 
220 S5 
224 So 
206 70 
217 So 
198 0.78 
196 75 
198 70 
197 71 
202 65 
197 61 
200 7 
193 | 9.73 
204 7 
203 
212 


232 


225 
222 
221 
221 
221 
221 
236 
Tad 
205 
198 
224 
220 


oeeowe 


336 
338 
167 
153 
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33! 


S50 6 © 6 6.0 6 9 6 6 6 66 6 6:5 6 6-o OS 6 Oo 66 8 oo So 6.9 


S) OCF so 8 2 Oo 2S 
=n 
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Boe 2% Oe 20 
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Or. Px. | Pi: us 
| 
: 

2 Ft. 2 

\ 
1Se teases Lasletadecs 0. 54 | 
194 |. | 
205) ise achines 0. 42 ) 
FOG) i eS 0. 35 | 
TOOT oc eet ho gets 0, 38 
POR 2s neni en ess 0. 49 | 
192 ~ See ei cecays 0. 44 | 
IM) cd piace ae 0. 47 | 
100? svete 0.45 | 
196 49 
189 -43 
1OL:. asta! a tiales 0. 44 
199: ia nee den 0.37 
183 Pa ERG 0.41 | 
193. 0. 38 
7) ee 0. 35 
IOP got Sie Gee 0. 38 
207 0. 36 | 
224 eh ieE8 card ede 0, 38 
177 Bes gece O33 | 
107. sce te cree 0.31 | 
200 fs Bear ceed 0. 40 
OS deuce ae 0. 25 
POO aeons ced eh 0.36, 
rs eee lentacase 0. 22 
77 aint akan 0. §2 
TO) ocetee.aiey alas? mages 
» Tey. | 0. 59 
19Q5¢.2> Ga dnciat pan 053: 
AUS. aeeaeh aetages 1 0. 25 
198? ! . 20 | 
187 ; 0. 56 
244) awed aeons 0.43 
254° hie wy nnea os 0.47 | 
250A thre to aeats 0. 39 
2200 eng eee 0. 44 | 
PF eared waa 8. 46 | 
301 0. 54 
AOS. Gisnitorswok 0. 53 | 
BOO? eek iald. «eit! oO, 21 | 
B14 Aevees ewes 0.35 ! 
FeO nates made as 0. 38 | 
267? oO, 40 
329 0. 39 , 
328 0. 47 | 
9297 ft veces ens Vie 0. 47 
3200 als ROR eS 0. 28 
155" iwas ete sane 0. 53 | 
WAS chins Licseeds 0, §0 
142 0. 45 
HO 6s ewes 0. 38 
322? ' 0. 39 
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5 Ne eas ieee 
EN Pe ee he 
Kx. Ky. 6 ! q a 
Pea | ee | 
| ee ' 
Ft. ° | ° ° | ra) 
| : | 
| | 
0.80 ...... 1.§1 TO 5 edcw ew 9 187. § 
7S: aaa ) 1.45 —- 12 . | 18 203 
ORF 655 044 '3,87 — 14 | 15 ! 212.5 
0. $8 Piatt: 1.71 "SO. ceases 18 215 
0.71 | 1.69 BP Wi waked l 7 | 202. 5 
0.86 1.2... 1.73 17 |o..ee. | 16 | 209 | 
o.$o ...... 1.75 | ce eee 6 195 | 
0.71 asad 1, 80 35 | Petites 7 192.5 | 
OPFR iets ole 1.65 | ner eee | ~ 1 198. 5 
OLF5. wnetas es oes a Sa | I 196. 5 
O, 70: 2asroats » 1.65 | 28 | alge Ses 13 195.5 
O. FL. -eaeee 8 147 | 31 panies | 6 | 194 
OSL ojectinds 1.69 23 )...... | 7 | 196.5 
O29? loeb ies ACgas|! HOM eteass 10 | 188 
0.81 | Het leis. ds | 1.77 | 43 etene II | 198. § 
OSS mnmece | neg? 7 Oe eee al 202 
One 2 Sees | I.SI | 89 Jeveeee I 206. § 
O68 isass 11.76) 65 foc... | 25 | 219.5 
ee Oh ee | 1.99 | Beevers 1 | 224.5 
0.758 160s es% 1.73 RG. wartie 4 | 45 | 199. 5 
0.66 | sieaeeck 1.68 18 j...... | 24 | 209 
0.78 | ee BOS BY levekes 12 | 215 
Oy teates . 1.59 |~ Pele wensae 6 | 218 
0.91 | ee oats 1.64 — 49 /...... | 15 | 213.5 
POO! lancarre’ 1.58 cee 25 223.5 
.75 | pole an 1.25 or a eee | = 185.5 
0. $7 Ene | 1.46 17 ‘| G9, 200.5 | 
OnTT ines | 1. 36 | |, al RCE | 4 196 | 
O95: aiasnn 1.49 -- in |.. ... 29 | 209.5 
0. 76 ae ' 1.55 a eee § 217.85 | 
ORT: Sewn’ 1.06: 197 os sake ; 
O.75 wsneee 1.31 20 I hak 25 201 | 
0. G6 Steere 9.94 | 34 | Uecker | 10-249 
0,62) Lasahs 1,12 22 pacers 3 258.5 | 
OGS oo... 0. &9 | Be aa ei Sa we Re 4A ee 8 ' 
0.85 ...... 0.98 | 35 |. : “15 218.5 , 
Til: Gooey pee oe Zz a, aBis 
1.19 eae | .79O | 24 Wesrcerss 1q | 310. § | 
127 see : 0.68) 2, lo 312 | 
OsOl. heise 0. 37 | 27 22 | 317 | 
106) cans : one i iar ae © a Oe | 15 321.5. 
TOR sats 0.39 Cal eee | 8! 324 | 
eee 0. IS-4 oh acer, seMwtrak ena as 
0 = | a5 | ! . 
0.83 oo 0. 33 43 | Wass he 7 | 332.5) 
1.06 pase 0. 37 40 poe ! S | 332 | 
1.06 piste: 0. 33 3Q Jennys] 9 | 333-5 | 
1.00 |..... 0. 26 AO Naarindis | 26 | 339 | 
0.55 i...eee O30 | 35 «<2 es 12 161 
SS | 3 35 | | | 
SO | oven | 0.29 29 payee 6 | 150 
0. 78 0. 32 30 Vena Aes 1§ 149.5 
P05 Nise ey 0. 31 42... 0s. ! 4 | 344 
0.82 |...... | O.31 Boe stenule 9 320.5 | 


| (K1°+Or?). 


, 


lunar 
hours. , 


12. 50 
13. 53 , 
14.17 
14. 33 
13. §0 
13.93 
13. 
12. 
13. 
13. 
13. 
12. 
13. 
12. 53 
13. 
13. 
13.77 
14. 
14. 
13. 
1 
14. 
14. 
14. 
14. 
12. 
13. 
13.07 
13. 
14.5 





83 
23 


03 


93 





tn 
bot 


"ee em eee 


| e 


Cotidal hour. 




















No. 
ar Diur- | 
fal: nal. | 
A. | 4. | 
10. is 3.48 | 357.4 | 
11.56 i 4.53 | 357-5 
1.67 | 5.19 ine 
1.35 | §.46 362.5 
0-37 | 4.67 | 362.10 
0.62 | §. 10 | 362.15 
0.44 | 4.17 | 362. 20 
If.93 , 4.00 362.25 
1&8 | 4.41 6040 
11.74 | 4.37 | 362.35 
It.d4 4. 26 | 362. 40 
W.7Q 4.13 1 362. 45 
11.93 4. 28 | 362. $0 
11.68 3.70 | 362. 55 | 
a. 16 4. 38 ' 362. 60 
0.79 4.62 | 462.62 | 
0.75. 4.9¢ | 262.65 | 
0.81 |  §.75 | 362.70 
208 6.05 362.75 
1.71 4.37 362.80 
1.63 | 4.9% | 362.85 
2. 36 | 5. 36 | 362. 90 
2.63 8.56 362.95 
2.16 §.23 | 363 
2.29; 5.92 363. 05 
943 3. 39 003730 
10. 33 4-37 363.15 
10. 33 4.10 363. 20, 
0.03 5.00 "363. 25 
SOrk : Weaiee WA ea eN 363, 30 
2.02 . 363.35 
9. 84 4.42 363.40 
0. 40 7.92 363.50 
0. 66 S$. 33 363.60 
PERE” caw eee 363. 70 
0, 00 §.%5 363.80 
0.04 1, 9.05 363.g0 
1. So 11.98 363.985 | 
2.11 | 12,03 “365 | 
§.22 12.11 1379 | 
5.38 1 12. 30 | 379.5 | 
5-47 | 12.47 , 381 
5, FO. seine | 384-5 
§-23 | 12.94 ' 385 
5.63 12.8: | 385.5 
5.93 | 12.90 ' 386. 05 
5-03 | 13.25 386. 10 
6.12 1.35 386.15 | 
6.08 | 0.58 386, 20 | 
6.04, 0.55 386.25 
6.53 | 13.62 386. 40 
6. 58 12.40 386, 45 


’ 
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Geographic position. | M2°. | | 
| | 
No. Station. | Longitude. Mz. Se. | $2°. | Na. | Nae. | Ky. 
Lati- | De- : Lunar 
tude. | grees. | hours. 
7 Arc. | Time. | | 
a a ee a = — 4 Saad 
EAST COAST OF AsSta—continued. : | es A. m.| Ft. 7 A. Ft. 7 Ft. . Ft. 
North, East. . 
336750) “OUP: 63 cc ccd aeehes hes camas tees a 43 12 | 140 00 9 20| 0.17. IIl.0 3.70 | 0.07 | 144 |.....- er eee 0. 18 
386.55 | Raigishi............... cc see ee wean 43 20 | 140 24 | .9 22] 0.15 | 111.5 | Be | SOLOS S|) BIO tevloiee og aes O17 
386.60 | Hamamashi...............0. ee eee 43 36 | 141 23 | 9 26] 0.15 | 107.6 3.59 0506 | 153 |. ceacutoes © 16 
386.65 | RUMOYE of. c560% seve es secs cv sesws 43 56 | 141 320 ? 9 27 | 0.14 125.4 | 4.18 | O.07 | 187 | ..---/.--... 0.17 
386.70 | Tomamae...........cc ee eee e ence ee el = 44-19 | 141 30 9 27 | 0.15 | 132.9 | 4.43 | 0.08 | 159 |. ....]...... 0.15 
386.975 | Wakanal xc cciikiad oe inaeeeoseies 45 25 | 140 40 9 23| 0.07 80.6 2.69] 0.07| 156 |..........-. 0.19 
386.€0 | Oshidomari.............. -eccesecee| 45 14 | 141 14 9 25 | 0.09 ; 136.0] 4.53 | 0.06, 156!............ 0,17 
388.2 | Mimitstic. sc .s sci Nese iaae 32 20. 131 37 8 46 | 1.71 | 178.9 | 5.96 | 0.67 | 200 | hated hi a ote 0.71 
388.4 | Kagoshima ............... 0.00 eee 31 36 | 130 34 8 42 | 2.54 | 205.7 | 6.86 | 1.20 2312. ere re 0. 82 
388.6 | Vamakaw@......... ccc eee eee eee ee 31 12 | 130 38 8 43 | 2.44 | 205.1 | 6.83 | 1.16, 233 |..--.- eee eee 0. 84 
988.8 |) Mistml o.:40 6 ences kant ea eeeavet pees 32 37 | 130 27 | 8 42 | 3.94 | 256.6 | 8.55] 1.70 | 290 |..........-, 0. $7 
389.2 | Wakatsu ........-... 0.00. ee eee 33 OF | 130 20 8 41 | 5.27 | 21.9 | 8.73 | 2.23 | 301 |...-..)-----. o. 82 
389.4 | Fake sakishima................... 32 57 | 130 14 8 41 | 5.25 | 259.2; 8.64 | 2.37 | 296 |......)-.-8-, 0.92 
389.6 | Haedomari ............. ccs. cece 32 47 | 130 22 8 41 | 4.36 | 259.4 | 8.65 | 1.81 | 299 |...2- ele eeae 0. gO 
389.8 | Kuchinotsu ............... ccc eeees 32 36] 130 11 8 41 | 3.18 | 242.9, 8.10 | 1.42 | 287 |..-.eeteeeee- 0. 82 
39052. ||) TKOnOUTa iesisieiedewe ee sees 32 23 | 130 21 8 41 | 3.45 | 253.1 | 8.44 | 1.47 | 283 | ---- ele eeeee 0. 88 
390.4. | Ushibuka:sisscisccteseceihes dled unt 32 12 | 130 OF 8 40 | 2.75 | 226.1 | 7.54 |] 1.21 | 252 |eweeeeeeeeee 0. 93 
300.7. | “TOMIOKA goseees. ease Sete ae ck ess 32 31 | 130 02 8 40 | 2.93 | 219.0 7.30] 1.36] 255 0. 84 
390.8 | Senzokushima, Zogoseto.......... 32 34 | 130 2u 8 42 | 3.83 | 249.9. 8.33 | 1.63 | 292 |....-.leoeee- 0. 98 
392.2 | Kogozaki ...........cceeeeee ces ees 33 06 | 129 40 8 39 | 2.73 | 238.1 ! FO4- | Tv24.| 270 |lmseeaeloaeses 0. 79 
404s4) | SASEDO ss nas oscewwie ee niiea tie eaees 33 10 | 129 43 8 39 | 2.84 ; 246.8 | 8.23] 1.31 | 275 0, 82 
992.6 | AINOUTA sco 5s ier ocemeeevee wets oe 33 11 | 129 34 8 39 | 2.90 | 230.9 | 7.70 | 1.28 | 256 |-....-1----e- 0.81 
392.8 | Wamakatsu (Goto Island)......... 32 §3 | 129 0 | 8 36 | 2.73 | 250.1 | 8.34 | 1.217] 283 |......]--0 eee 0. 78 
804.1 | KRAMOIZE 24S iicdiicasindese cece etasd 34 40 | 129 22 8 37 | 1.54! 253.9 8.46] 0.76 | 274 |.....ej-eeeee 0. 27 
394.2 | Nishidomari ................06-00--] 34 39 | 129 28 8 38 | 1.12 | 240.5 , 8.32] 0.59 | 282 }...-.eleeeees 0. C9 
394.3 | Shimayama............. 0... cece 34 19 | 129 18 8 37 | 2.16 255.9 | 8.53 | 0.95 | 280 |..... [..-..- 0. 37 
304.4 | Hirtagaura..... cece cccecscceccnces 34 19 | 129 16 8 37 | 2.17 | 259.1 8. 64) 1.04 | 288 |......]--.--- 0. 40 
394.45 | Tsu Shima Sound..................1 34.17 | 129 21 8 37 | 3.07 | 275.6 | B.19°] 150 | BIZ (ee ene| ees des 0. 92 
40455 ).| T2unare: ve eds cisseoeasaciiee bees a 34 Ir | 129 17 8 37 | 1.72 | 251.0 8.37 | 0.86 | 288 |............ 0. 24 
394.6 | Kazamoto..........c cece ceee re ncees 33 51 | 129 41 8 39 | 1.96 | 270.0 | 9.00] 0.91 | 298 |..... eis ween 0. 51 
904.7° || GONOUTE 6 isc eee newt asec sawes 33 44 | 129 41 8 39 | 2.17 | 271.9 | 9.06] 1.05 | 303 |----.. ee eee 0. §1 
394.8 | Kurotojima .............cc ee eevee . 33 23 | 129 33 8 38 | 2.69 | 250.7 | 8.36] 1.16] 272 |..... |..--- 0. 64 
395 Fukushima..............00e0 cece 33 24 | 129 4S 8 39 | 2.38 | 277.7 | 9.26] 1.17 | 305 |--....[--e ee 0. 63 
395.5 || Hoshigaura ............. ccc ee ee eee 33 23 | 129 40 8 38 | 2.18 | 258.4] 8.61] 1.14 | 287 |......).00 00, 0. 58 
400 RASAt owcnsras esses ts4aneut aes 28 27 | 131 30 8 46 | 1.82 | 199.2 | 6.64] 0.78 | 231 |......|-.-0-- 0. 65 
40022 | Kuijis sidiviasedst aoa esede etek | 28314] 129 15 «68 37 | 271 | 211.3] 7.04] 0.84 | 234 0.70 
400, 4:--! TINO .cccsesceuedsae-ss es dha ees ee 26 40-128 00: 8 32' 1.72 | 196.2! 6.54] 0.77! 228 |......!...4.. 0. 64 
400.6: | SQSOK0 ibs ise ees wsinw nos tiene ues oo! 26 38 | 127 §3 8 32} 1.85 | 197.0 | 6.57 | 0.65 | 231 ]..--..Jeeeeee o. 61 
400.8 (1 Nake os seomtess sexe rcskeides we bes ' 26 23 | 127 40 8 31 | 1.86 | 197.5 | 6.58 | 0.85 | 222 |......[.000e- 0. 68 
401 TANMISUI 4 ssGrirtedeviaciasddeiweds 25 11 | 121 24 8 06 | 3.36 | 321.7 | 10.72 | 0.87 | . 6 |......]...... 0. 72 
4082 || Kinin 32 coe ee eee es 25 09 | 121 45 8 07 | 0.73 | 277-3 | 9.24 | 0.13 | 285 |......].-...-. 0. 64 
BOGS || SOO wakes cesar tans Seeiak idericees 24 35 | tar §2 8 07 | 1.80 | 185.0 | 6.17 | 0.44 | 209 j......}. eee 0. 64 
402 Miya KOjlING veciscs sv cies xeseatane | 24 §0 | 125 11 8 21 | 1.65 | 215.9 | 7.20 | 0.69] 240 |......|...... 0.55 
40022 || Funauke .c60c sovesiqieeo wines. 24 20 | 123 44 8 151 1.491 199.9] 6.66) 0.64 | 216) .....]...... 0. 70 
402.4 | Taketomijima ..................... 24 09 | 124 05 8 16 | 1.47 | 197-4 | 6.58 | 0.65 | 217 |....-.Jeeeee. 0. 62 
403 GION seis cise ane eee eis igs 23 37 | 119 31 7 58 | 2.94 | 332.4] 11.08 | 0.74 ZO taverns bewe es 2 0.79 
403.2 | Santakuto......... cece cece cece wees 23 38 | 119 31 7 58 | 3.99 | 323.9 | 10.80 | 1.15 6 isc slevede%s 0. 89 
403.4 | Hatto retto. ....... cece eee ewe 23 21 | 119 3 7 58 | 2.43 | 134.52] 4.48?/ 0.36 | 276?/....../...... o. 81 
403.6 | Toko, Formosa.........eeesseeeeees _ 22 28 | 120 27 8 02 | 0.59 | 242.5 | 8.08 | 0.24 | 233 |......]..-.-- 0. 58 
414 Sosaingpho .........ececseeceeenees : 38 28 | 129 25 8 38 | 0.54 | 209.1 | 6.97 | 0, 28 | 246 |... 0. 09 
414.2 | Tsauliang Hai................. — 35 08 | 129 02 8 36 | 1.24 | 232.7) 7.76 | 0.64 | 6r |......]...... 0. 13 
414.4 | Douglas Inlet ...........00.-.000ees | 35 02 | 128 48 8 35 | 1.85 | 240.0 | 8.00 | 0193 1 208 |e eecdaleetaas 0. 28 
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| Se. Nae | On, Pe | © 
Ke. On POR! Pas. oPyop ae ee 
: Ba. es AN Na | a : 
| Oo | Ft) ° || o Ft. | 
| | | 
340 | 0. 16 | cy ao eee Loud 0.41 +. 0.89 |...... 0. 34 
; 344? 0.15 324 |...... | sere 0.53 |. sees 0. 88 0.32 
339 | 0.18 _ 32t cae as O.40 jee. ees ee a eee 0. 34 
326 | 0.17 | BAR etl eka 0. 50 TOO We csratinn 0. 34 
334 | 0.17 | 324 ee oO. §0 | aieaeng | be 9 ie eer O. 32 
360 | 0.16 ' 322 oo --| 1.00 | ee OL84 Ae sive 0. 35 | 
344 ' 0,18 338° care: jrosees 0. 67 peers LOR! be sakas 0.35 | 
185 | 0.57 | 168 pane | cheb 0, 39 |. 0.80 }...... 1,28 | 
1 
184 | 0.61 178 |...60- nar 0.47 j- see. | O94: leteses 1.43 
195 ‘ 0.70 178 proses | Fae eke 0. 48 anaes GR es a a ere | 1. 54 | 
202 | 0.64 [ ! OLAS.” -Se'nes | O74 |e -sees 1.51 | 
215 ; 0.60 | 190% ‘sec atecenena's Of42 sxe wes | 0173 Jeveees 1.42 
208 0.69 | 197 jootee | fot ale 0.45 - +++: OF95 aes 1.61 | 
209 | 0.69 | 194 reapers 0.42 seeaes (oi a a ee are 1,59 | 
AIO: | 0.69. ||| 193: eave eeewk 0.45 «60. 0.84 al 1.51 | 
210 0,60 | 196 ...... re Ords: weeads 0.68 |...... | 1.48 
195 0.65} 187 ay | a esusecs O44 45 64% | 0.70 |..e0. 1.58 
199 | 0.65 | 183 ...... pee 0. 46 : whores Ce oy ad 1.49 
207 | 0.67 | 183 een ere em Oudh beds , 0.68 |... 1.65 
201 | 0.60 | 192 | re De dade 0. 45 & O96 Teed bad | 1.39 
214 0.63] 198 peeriat eee ONO? cakes OS FF betacews | 1.45 
200 | 0.65 | 93 ere | diane 0.44 lessees ) 0.80 |...... 1.46 
204 | 0. 58 | 190! “oad was ae 0.44 ...0.. | On FE Javea 1. 36 
216 | 0.16 ; 209 eae awe GL40e Hoe nis 0.59 | .....) 0.43 
217 | O.1t | 248 | La racell baminess Or6R. ieee aaa seas: 0. 20 
201 | 0.31 | 203 | iiteee be Leen athe Ondine | OBS ccag.c's o. 68 
197 | O. 31 IQ7T jccesselescens 0.48 |....-. | On)? : | siacees 0.71 
185 | 0.54) 167 yee. epeee eee O49 jeseee. | 0.59 |eseee 1.46 
211 °1°0..98 «194 [es oe eal iasee. 0.50 ...... 0.75 |-seees 0. 42 
242 | 0. 44 | 235. | sawerelevnand 0:46 | 0 sive 0.86 |...... 0. 95 
227 | 0.42 | 298. oesasealinen ee 0.48 |.csass [O82 ligase 0.93 
220: 20,50.) 292) wiecs wie sien one ere, | 0.94 |...... 1, 24 
230 | 0. §1 yp Ta arene ae a 0. 49 pete tic 0.81 .......1 1.14 
235 | 0.§2] 216 }......|...... O.52 |. .eee. , 0:90 ere 1,10 
19T 0: AF WEY |seesie se canes ce a ee | 0.72 |...0, 1.12 
201 | 0.54 | 196 ]...... | ees 0.49.0... OLIT csacten| We8s 
195 | 0.5% | 192 |...... ie 0.45 !...... 0.80 |...... 1.15 
202 | 0.52 TSA. ies! cewek s 0.35 wseeee | O85 |...... 1.13 
19§ | 0.50 | 193 ].....- | pees 0. 46 eure | 0; FA, [se sene 1.18 
240 | 0.58 | 217 |......].--6.- 0.26 ace ees OSE lene aes 1. 30 
124?} 0.48 | 205 |.....-|.....- 0718" costvay 9:75 |onveve) 142 
? 217 | 0.§7 | 207 |............. O24 Gewese 0.89 |...... 1,21 
. 235 | 0.51 ] 212 |.....-|..06. 0. 42 | ors Sos OL93 awe as 1,06 
208: | 0.54. | IG7 [ee wwe | cedes or O77 . IL 2g 
209 | 0.56 | 196 |......|...... GAGS scat 0.90 |...... 1.18 
Ft 150.76.) BAS View eweal eves 0. 25 ae 0.96 |...... 1.55 
264 | 0.84 ; 231 |..----j--- eee OV29. eich ses  O.94 [....-. 1.73 
268?) 0.72 | 250 j......Jeeeeee ae 16. leases ! 0.8q j|...... 1.53 
294 | 0.53 | 256 |......1..... 'O.4t.. ms 0.91 |...... 1.11 
35 | 0.07 | 346 0. §2 Nc 0.78 |...... 0. 16 | 
130 | 0.06 | 144 |......]...... | 0.48 |...... | 0.46 |...... 0.19 | 
10! 0.15 | 136 ares eneat | 0.50 | eaten 0.84 |...... 0.43 
| I 1 
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4 (K1°+O07°) : Cotidal hour. 


De- 
grees. 


33° 


181 


A 





13. 
13. 60 
13. 50 
13. 43 
13.43 
13.53 
12.73 


12.73 
13.00 


13. 
13. 
13. 
14. 
15. 
13. 
13. 
Il, 
13. 
15. 
15. 
14. 
15. 
1§. 03 
12, 40 
13. 
12. 


73 
10 
33 
17 
50 
47 


73 


8 


17 
40 


go 
12, 87 
12. 
15. 
14. 
14.90 
13. 
13. 
17. 
16. 
17: 
18, 
oO. 


$8 


27 
33 
70 
.13 
9-53 


| 








St a 
J 


en ee ee ee ee) — eo 
ef eee lat OOO lm OOOO 


9 


Il. 





12.74 386.50 | 
12.90 | 386. 55, 
12.57 386.60 
| 12.55 386.65 | 
_ 12.48 | 386. 70 | 
| 13.35 386.75 | 
13.31 386.80 ) 
3.00 | 388.2 
| 3. 37 | 8.4 
' 3.71 388.6 | 
4.33 | 388.8 
4.92 389. 2 
4.82 | 389.4 
4.75 | 389.6 | 
4.75 | 389.8 | 
4.85 | 390.2! 
4.06 390.4 > 
4.06 390.7 | 
4.30 | 390.8 
4-45 . 392.2 
§.08 392.4 | 
4.45 | 392.6 | 
4.73 | 392.8, 
5.55 394.11 
6.87 | 394.2 
4.85 | 394.3 
4.60 | 394.4 | 
3-10 | 394.45 
| 4-88 | 394.5 | 
| 7-25 | 394.6 
| 6.52 | 304.7 
| 577 | 394.8 
| 6.48 | 395 
6.40 | 395.5 
i 3.63 ; 400 
4.61 | 400.2 
4-37 | 400.4 ; 
| 4.34 | 400.6 
4.41 | 400.8 
| 7.13 | 401% 
tigeiveesce| GOIL2 
| 6.01 | 401.4 
6.55 | 402 
5.25 | 402.2 
5.23 | 402.4 
9. 23 | 403 
8.53 | 403.2 
9-30 § 403.4 
| 10,30 | 403.6 
| 16. 07 | 414 | 
0.53 414.2 
0.95 | 














414.4 | 





No, 


414.6 
414.8 
415 

415.2 
418.4 
415.6 
415.8 
416 

416, 2 
416.4 
416.6 
416.5 
417 
417. 
417. 
417. 
4iy. 
418 


ma N > W& 


418.2 
415.3 
418. 4 
418.6 
418.8 
419 
41g. 2 
420. 8 
421 
421.2 
421.4 
427 
436 
435 
445 
446 


590 


591 
§92 
593 
594 
5y8 


634 
634.5 
635 
635.5 
636 
636. 5 


an 
wn 
=! 
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Station. 





EAST COAST OF ASIA—continued. 


Sylvia Basin........... 


Mandarin (Goalen Island) 
Mandarin Island, long Reach .... 


Chrichton Har 


East of Thistle Island 


Thistle Island................ 


Kokuntau Islands Coens 
Won-san Islands............. 


Gets-nai-tau Island 
Dau-chen Island 


Ping-yang Inlet.............. 
Wei-hai-wei.................. 


OCRANICA. 


Ratoe Panggal, Borneo 
Moera Djawa, Borneo 


Bay of Balik Papan, Borneo....... 
MACASSALT.. 6... ee ee ee ee ene 


Donggala 


Santa Elena 


Santa Rita Island............ 


| 
Masanpho.................... 


se ee ee ee aes. wees 


Sylvia Basin, Koje Do........ 
Daryang Do.................. 
Sinko DO ys 22 ha pape ewan 


re 


2 


Green Islands................ 


Ce ee 


oe eee enon 
CC 


oom weer ee rere ee ww eo ene 


Swatow, China............... 
Whampoa. ......... 00.2 c eee 
Nau-chau, Kwangsi.. ....... 
Port Beaumont....... seul Gog ai oe ee anne he Dies 


Boloengan, Borneo,.......... 


Samarinda, Borneo.......... 


wreeeoe 


ee ed 


ee 


eee ener ert ee ee ene 


 D 


eee eee | 


Geographic position. 


sVeren, 

3§ 12 
04 
§0 
50 
53 
55 
$7 
§I 


AEEEEEESER EER ESE EL EEE ST 


G3 


South. 
O 30 
O 32 
0 37 
116 
§ 0S 
oO 40 
North, 
1 00 
10 40 
Io 18 
II 15 
Il 21 
11 26 
Il 47 
12 04 


Longitude. 


Are. Time. 





o- 4 hm. 


East. | 








128 34 «8 Ag 
128 33 | 8 34 
128 42 | 8 35 
128 35 Sw 
128 27 8 24 
128 30 8 34 
128 20 | 8 33 
128 13 | 8 33 
12745 | 8 31 
127 33 § 30 
127 28 § 30 
1H 83 % 2% 
126 47 8 27 
126 3S °°. 8 27 
12% 25; 8 26 
12619, 8 25 
12608, § 25 
126 a4 8 24 
126 02 8 24 
126 22, 8 25 
125 §6 | 8 24 
126 02 8 24 
126 05 | & 24 
126 25 , 8&6 
126 26 8 26 
124 49 & Ig 
125 00 8 20 
125 10, 8 21 
125 35 §S 22 
122 1 § Og 
116 30 AT 
113 26 7 344 
110 38 7 2 
7 22 7 49 
| 
117 08 | 749 
117 06 7 48 
117 18 749 
116 48 rae ve 
11g 24 ! 7 38 
11g 44 759 
{ 
120 §3 8 o4 
122 35 § 10 
123 54 8 16 
125 00 = 8 _20 
124 59 8 20 
124 57 § 20 
124 52 § 19 
124 35 | 8 18 
| 





M2°. 
M2. | $2. 
De- Lunar 
grees. hours. 
Ft. 2 h Ft. 
2.10 244.8 S.10. 1,00 
212: 220.2 QF. 4, 
1.06 244.0 S.12 0.97 
2.68 251.2 8.37 0.85 
2.29 244.6 SIS LTS 
2.04 230.4 7.08 1.06 
2.24 | 241.5 Ss. 06 | 1, 24 
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14 49 | 120 17 Bor 0.9% 292.9 9.76 0,20 | 325] OK) 283 | 0.90 | 
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20. Note on the measurement of tides at sea. 


The measuring of the rise and fall of the tide at sea has seldom been undertaken 
because of the difficulties connected with such operations. 

By anchoring a boat from either end and frequently measuring the depth of the 
water (about 20 fathoms) over an even bottom, Captain Hewett, R. N., ascertained that 
there was practically no rise and fall at a point between Holland and England. This 
has been taken to be a no-tide point in Fig. 22, and it agrees well with the location | 
inferred from the tide along the coasts.* 

More recently, attempts have been made to ascertain the rise and fall in shallow 
Lodies of water by means of pressure gauges. The gauges have generally been placed 
upon the bottom. It has been suggested that a suitable anchorage and several guys 
might be arranged which would allow the gauge to be floated just below the action of the 
storm waves, thus reducing the total pressure of the superincumbent water column. If 
the gauge is not too far below the surface, the pressure may be exerted upon a tube of 
mercury closed at one end. 

In the Surveyor (Sydney, Australia), Vol. 16 (1903), pp. 25-28, Mr. G. H. Halligan 
describes a gauge designed to be submerged in small depths, and in which the pressure 
is measured by a column of mercury. Capt. Adolf Mensing, of the Imperial German 
Navy, has designed an elaborate self-registering tide gauge which works in depths not 
exceeding 100 fathoms. The instrument does not measure the total pressure, but the 
difference between the total pressure and the pressure for an assumed depth, which does 
not quite equal the actual depth of water. 

In 1903 Captain Cust of the 7rfon secured tidal curves by means of a pneumatic 
tide gauge in the North Sea, on Brown Ridge, Swarte Bank, and the northwest corner 
of Dogger Bank.t 

It seems to be worth while to point out the difhculty of getting a good instrumen- 
tal range when the pressure 1s exerted upon a column of air contained in a pipe closed 
at the upper end. Let / denote the length of the pipe and 1» the distance from the 
upper end of the pipe downward to the surface of the water which enters it, i. e., y 
denotes the length of the air column. Let 2 denote the number of atmospheres which 
measure the pressure at the mouth of the pipe. Consequently, when the pressure is 2 
atmospheres, the length of the air column will be / 2 (=j’)and the depth of the mouth 
of the pipe below the surface will be 


(u7—1) 33 feet (=2). | | (30) 
l 
- dy=—id 
a} n, 
dz = 33 adn, 
l / 

dy= ae = dz—=—— 33! — dz, I 
‘ 33 7 (2+33)° oe 


. This shows how very small is the change in the length of the air column when the 
depth is altered by a given amount daz. 





* Report B. A. A. S., 1841, I], pp. 32-35. 
t Report on Admiralty Surveys for the year 1903, p. 5. 
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The most reliable means for measuring the tide away from the coast appears to be 
a sounding apparatus consisting essentially of a piano wire attached to a heavy weight 
composed of material of little value, such asa box or bag of stones or gravel. The 
weight when once cast is to remain immovable on the bottom and is not to be recov- 
ered. The wire when drawn taut will indicate whether or not the vessel is directly 
over the weight. The aim of the observers on board is to so maneuver the boat that 
the wire shall become approximately vertical as many times as possible throughout the 
period of observation, and at each such time to note the depth of the water. There cer- 
tainly can be no serious difficulty in measuring tides in a few hundred fathoms where 
the surface of the water is reasonably calm. For, the tension can be made sufficiently 
great for eliminating the errors caused by the sag of the wire resulting from its own 
weight combined with the impulse of the tidal current. 

By aid of this apparatus and suitable floats it is probable that permanent currents 
can be measured at sea in any depth of water.* 


21. Note concerning the fundamental systems. 


The principal systems upon which the semidiurnal ocean tides depend are shown 
in Fig. 23, and described in §§ 72-78 of Part IV A. These constitute a rational scheme 
with reference to which observed facts can be arranged and, in a measure, interpreted: 
in fact, they make it possible to estimate the time of tide in various parts of the 
ocean itself. 

By aid of the cotidal lines and ranges as now shown in Figs. 6-41, it would doubt- 
less be possible to modify the systems in some details. This, however, would require 
considerable time and study; and the results obtained by aid of the modified systems 
could hardly differ much from those depending upon the original. The following are 
a few suggestions: 

The half-wave area extending from Mozambique Channel to Baluchistan and India 
has in § 73, Part IV A, been described as if belonging to the South Atlantic system. 
It will be noted in § 26 that it is mainly a dependent area having tides sustained by the 
South Atlantic and South Indian systems and inodified by the North Indian system. 

The southern nodal line of the North Atlantic systems should probably have been 
drawn miore nearly parallel to the coast of South America, thus bringing its eastern 
end nearer to the Cape Verde Islands. 

By referring to Figs. 35, 36, 37, and 39, it appears that the nodal line from Japan 
might be extended southward to the equator, and that the northern shorés of Celebes, 
Gilolo, and New Guinea might he regarded as forming a portion of the southern 
boundary of the North Pacific systein. 

It seems probable that the South Pacific system should be considered as comprising 
little, if anything, besides the L-shaped figure shown on the chart of systems. With 
this view of the case the nodal line south of the Hawaiian Islands and belonging to the 
northern branch should be moved southwesterly, or toward the Fiji Islands. The 
southwesterly progression toward these islands probably helps to explain the tides in 
the vicinity of this line. It is probable that the nodal line near New Zealand should 
be moved southeasterly. 











* See Science, Vol. 19 (1904), pp. 704-706. a 
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22. Remarks on tidal problems. 


While I believe that all candid readers of Parts IV A and IV B will recognize 
therein a partial and approximate explanation of the tides, I also believe that more 
comprehensive modes of treatment will be desired and undertaken by the analyst. It 
is here proposed to show what are some of the difficulties to be encountered. 

For many years after the time of Laplace, nearly all writers on tidal theory followed 
closely in his footsteps and laid great stress upon the tides in an hypothetical sheet of 
water which either covers a rotating globe or constitutes a zonal sea, the depth being 
assumed to depend upon the latitude but not upon the longitude. More recently it has 
been recognized that an important step toward the complete solution of tidal problems 
is the determination of the free periods of the bodies of water upon a rotating globe. 
The hopelessness of this undertaking can be easily seen upon recalling the fact that the 
inode and free period of a plane rectangular body of water rotating about a vertical line 
have never been determined. The free oscillation of a circular sheet rotating about a 
ceutral line can, however, be found by aid of Bessel’s functions.* Laplace succeeded 
in finding solutions of his tidal equation for a rotating globe covered with water. But 
the possible modes of free oscillation for an ocean covering a globe uniformly has only 
recently been investigated by Mr. S. S. Hough in the Philosophical Transactions. If 
the effect of rotation be ignored, spherical sheets of water bounded by meridians or par- 
allels of latitude or both can be treated by aid of general spherical harmonics. These 
results are, to say the least, not very encouraging. 

The real tidal problem presented to us by nature is concerned not so much with the 
possible free oscillations of an ocean as a whole as with those oscillations which may 
exist across certain parts of the ocean and whose free periods are nearly equal to the 
period of the tidal forces. 

Consider for the moment an oscillation between two opposing walls placed in a 
broad tank of water at such a distance apart as to best respond to the impressed periodic 
forces. If one or both of the lateral boundaries be wanting, the deflecting force caused 
by rotation at a moderate rate about any vertical axis can have little to do with the 
oscillation because its effect can not accumulate. Even in the case of a rectangular 
body of water bounded on all sides by rigid walls, the deflecting force due to rotation 
would not, excepting for certain critical widths, seriously alter the mode and period of 
oscillation. The approximate effect upon a narrow rectangular body can be seen from 
§ 11, making @ = o for the case of a plane sheet of water. 

In nearly all cases of tidal oscillations rigid lateral boundaries are incomplete. 
The problems seeming to require first attention are those relating to the free oscillations 
of such bodies disregarding in the first instance the deflecting force of the earth’s 
rotation. It is probable that similar problems relating to plane sheets of water if 
capable of satisfactory solution could be readily extended to sheets upon a sphere. A 
somewhat analogous subject is that of the vibration of a stretched membrane where a 
portion of the rigid boundary is wanting; but the analogy is obviously incomplete, 
because we are in this latter case concerned only with the membrane itself. The 
problem of an open organ pipe is In some respects more nearly analogous to the one in 
question, for account must be taken of the motion of the air outside of the pipe as well 


a ap a a — 





*Lamb: Hydrodynamics, 74 201-203. 
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as of the air within. It seems probable that experiments, if carefully made by aid of 
suitable apparatus, can throw much light.upon the movements of the water particles, 
especially along the free boundaries of imperfectly inclosed areas. 

Many tidal problems of minor importance require attention. One intimately 
connected with the problem just referred to is the law of transition of the times of the 
tide between two nonsimultaneous areas in the open ocean (lemma 25). Another is 
the transition or sequence of the times experienced in passing through a strait 
connecting two independently tided bodies; or bodies whose tides are not independent 
of each other. Another problem relates to the possibility of equilibrium tides in a gulf 
or partially inclosed sea.* 

Questions relating to the resistances in liquid motion and to the nature of flow at 
various depths will be considered in Part V. . 

The resistance referred to in Chapter VI, Part IV A, is assumed to be small and to 
vary as the first power of the velocity of the moving particles. This assumption gener- 
ally permits the character and period of the motion to remain the same as it would have 
been had no resistance (and so no sustaining force) been involved. -The amount being 
kept in abeyance leaves the absolute value of the amplitude of tide undetermined. Even 
if the amount of resistance were known, the fact that the free period of the body differs 
somewhat from the period of the forces will directly affect the amplitude of the tide. 

Many important conclusions respecting tides in canals, where friction (proportioned 
to the velocity) is taken into account, have been reached by Airy.t For simplicity 
such matters have not been brought into Parts IV A and IV B, although a complete 
explanation of the tides in shallow bodies of water must depend largely upon them. 
For instance, Airy shows that in a canal stopped by a barrier the tide can not consist of 
a stationary wave alone, but that the resistance encountered necessitates a wave pro- 
gressing inward and up the canal. Observations show that, however suddenly termi- 
nated a shallow bay or river may be, the stationary wave 1s always accompanied by a 
progressive one, although it 1s hard to find examples in which other causes are not also 
operative. It is not probable, however, that progressions found in deep bodies often 
owe their existence to the frictional resistance experienced by the bodies themselves. 

The effect upon the tides of the attraction of the water in its disturbed state can be 
safely assumed to be small. (See Fig. 6.) 


eo 








* See Bulletin of the Philosophical Society of Washington, Vol. 14, pp. 93-99. 
t Tides and Waves, Arts, 315-346. 


CHAPTER V. 
<THE SEMIDIURNAL TIDES IN THE INDIAN OCEAN. 


23. -—he Indian Ocean north of the thirtieth degree of south latitude is, with one 
exception, but little influenced by the tides of other waters. The exception is due to 
the fact that there 1s a good rise and fall around southern Africa and in Mozambique 
Channel, where the tide depends upon two systems of oscillations which are determined 
by boundaries largely outside of the North Indian region. These systems, styled South 
Atlantic and South Indian, are described in Chapter VII, Part IV A. It may be noted 
here that observations indicate about I.5 as the Greenwich lunar time of high water in 
Mozambique Channel, and that this is about the theoretical time of the tide, for it isa 
mean between XII or o and III; see Fig. 1, which is taken froin the chart of semidi- 
urnal systems in the Part just referred to. Extending from Mozambique Channel to 
Baluchistan and India is a half-wave area whose time of tide, as will be noted later, is 
largely governed by the tide in the channel. 


24. The North Indian system. 


This system consists of the canal-like whole-wave area extending from the north- 
western coast of Australia to the coast of Somaliland and Arabia, and of a dependent 
fractional area, viz., the Bay of Bengal. Since the eastern part of the whole-wave area has 
much greater depth than the western, there are some advantages in regarding the whole 
strip as two half-wave areas. 

First of all it is required to ascertain the theoretical times of high water at the 
loops (1. e., ends and middle) of this strip by applying thereto arrows which denote the 
intensity and direction of the tidal forces at as many points as we find it necessary to 
take. In this instance the two points where the axis or central line crosses the two 
nodal lines will probably be sufficient. The positions of these points are about latitude 
124%° south, longitude 103° east, and 3%° north, 6734° east, respectively. The 
trend of the axis of the eastern half of the canal is about south 75° east and of the 
western half, north 58° 4o’ west. The free period of this body of water being reason- 
ably close to a half lunar day for a binodal mode of oscillation, therefore the elongation 
of the particles, and the high or low water, must happen when the virtual work of the 
impressed periodic forces becomes zero.* For, as will appear from the inspection of 
Fig. 2, the length and position of the canal are such that the forces tend to incite a 
considerable oscillation; that is, their effects are not continually neutralized. At various 
assumed Greenwich lunar hours reduced to the local time by adding the east longitude, 
project the force arrows upon the axis of the canal.f Considering first the canal as 
uniform throughout its length, and supposing the forces to act upon equal masses 
undergoing equal but opposite displacements at the two nodes, the virtual work at any 


* $63, Part IV A. + 232, 65, Part IV A. 
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. given time may be represented simply by the sum of the forces applied to the two nodes 
provided we regard those as positive which urge the water, say, toward the ends, and 
as negative those urging it from the ends toward the center. In Fig. 2 the forces being 
applied only at the two nodes, are given equal weight; those acting on the western area 
are written to the left of the ordinate, and those acting on the eastern are placed to the 
right. Forces directed westerly are represented by broken lines and easterly by full 
lines. The curve in Fig. 2 may be regarded as representing the virtual work in the 
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Semidiurnal systems for the Indian Ccean. 


present instance for all hours because we can assume that at various times the magnitude 
of the arbitrary time element is so taken that at a given point the absolute length of the 
corresponding virtual displacement remains the same for all times; 1n other words, that 
the numerical values of the virtual displacements are independent of the time and 
depend only on the positions of the points considered. They are comparatively large 
at nodal lines and zero at the loops. Fig. 2 shows that high water at the ends should 
occur at III.36, Greenwich lunar time, and so at the middle at IX.36. Fig. 3 shows 
the surface of the water and the configuration of the forces at III.36 both for the nodal 
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points and for poimts halfway between nodes and loops. It will be noted that the 
forces in the eastern half are then equal to those in the western and act in the same 
direction. But if the points are given a slight horizontal virtual displacement, as by 
putting them in positions which they occupy just previous to the time of elongation, it 
No. 2. 
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will be noted that for a uniform canal the displacements are equal and opposite in the 
two half-wave lengths. Hence the sum of the products of the impressed periodic forces 
by the virtual displacements must be zero at the hour III. 36.* 

If two half-wave rectangular areas of different depths and widths meet end-to-end 
at a loop and are otherwise completely surrounded by rigid walls, the above rule for 











*It may be noted here that the factor cos a@y,, should be annexed to each of the parts of eq. 
(314) Part IV A, it having been accidentally omitted in the copying or printing. 
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finding the time of tide by means of the virtual work can be carried out in almost as 
simple a manner as in the case where both are uniform; for, considering each area as 
being divided into the same number of elementary slices, the product mass X force X 
displacement, in the two areas, is proportional to depth X width x force. In other 
words, instead of giving equal weights to the two sets of values, as was done in Fig. 2, 
one set is to be given greater weight than the other. Again, and this probably has 
‘more bearing upon the actual strip under consideration, it is reasonable to suppose that, 
because of the numerous straits eastward from Java, and the obliquity of the north- 
western coast of Australia to the general direction of the strip and the shoaling along 
this coast, a greater percentage of the forces acting upon the eastern half-wave area 
will be lost than of those acting upon the western. In other words, the set of values 
in Fig. 2 belonging to the western part should have a slightly greater weight than the 
set belonging to the eastern. For this reason it appears that III is probably about as 
good a value for the times of high water of the stationary wave at the two ends as can 
be readily estimated from theoretical considerations. 

Immediately connected with the whole-wave area is the Bay of Bengal. We can 
consider the water extending from the head of the bay to some distance southeast of 
Ceylon as a dependent area somewhat canal-like in form with a nodal line extending 
from Ceylon to the western coast of Sumatra at a distance from the virtual head of the 
bay of 1 A, or one-quarter wave length. This area synchronizes with the remainder of 
the system of which it forms a part, and the two together constitute the north Indian 
system.* 


25. The waters north and northwest of Australia. 


The eastern half of the whole-wave area has, besides the stationary wave, whose 
high waters occur at III and IX, a progressive wave, due largely to straits or openings 
between the islands. Of special importance is the strait south of Timor Island. From 
this opening to the Gulf of Carpentaria, especially where the water is shallow, the tide 
is chiefly progressive, as shown by the cotidal lines. The progression due to this and 
other openings is felt halfway or more to the African coast. On account of the great 
depth of the Banda Sea and of the shortness and considerable depths of the passages 
around Timor Island and vicinity, the tide is nearly simultaneous over this sea. It 
is somewhat later and a trifle smaller than the tide around Timor. The maximum 
eastward velocity through Ombay Passage north of Timor must occur between the 
time of mean sea level rising (for western Timor) and high water. The progressive 
wave due to this short strait, approaching from the west, must have its maximum 
velocity, or high-water phase, northwest of Timor at about the time of maximum 
velocity in the strait; consequently it must be in advance of what it would be were it 
to reach the Ombay Passage at the time of high water of the stationary wave. In 
other words, the tide just west or south of this boundary, pierced by short straits, is a 
little earlier than it would have been had the straits been broad and the area beyond 
shallow. It seems reasonable, therefore, to suppose that the progressive wave at the 
eastern extremity of the one-wave area (say about along the meridian of Kupang) 
should be about half an hour in advance of the stationary wave. Assuming that the 





* 376, Part IV A. 
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amplitude of the progressive wave along the axis of the eastern part of the whole-wave 
area is equal to the amplitude of the stationary wave at the loops and that the former 
is half a lunar hour in advance of the latter at the loops, we have, by § 3, the 
distribution of the cotidal lines shown on the map along the central line of the area. 

At first sight it seems strange that the amplitude of this progressive wave could be 
more than a small part of the amplitude of the stationary wave at the loops. But it 
should be noted that the energy coming through the tidal forces into the oscillating 


system is mainly consumed in overcoming the resistances experienced throughout its. 


various parts. If, now, a part of this energy be lost to the system because of breaks 
in the boundary near a loop or because of extensive shoaling, the resulting progressive 
wave traversing a region small in comparison with the whole system may, for some 
considerable distance westward from the opening in the boundary, have an amplitude 
comparable with that of the remaining stationary wave, and the system will oscillate 
nearly as it would in the case where no energy were thus lost; but, of course, the 
amplitude will be somewhat diminished. 

It is reasonable to suppose that the southern extremities of the cotidal lines west of 
Australia and numbered IX to II turn eastward, somewhat as shown upon the map, 
because of the progression directed toward Timor Island. 


26. The half-wave area. 


This area extends from Mozambique Channel to Baluchistan and India, being 
largely a dependent one whose tide is governed by the rise and fall in and just south 
of the channel. It has already been remarked that observation and theory give about 
I.5 as the time of high water in the channel. 

The bracketed values XII or o and VI, shown in Fig. 1, are intended to refer only 
_to the South Atlantic system; that is, they indicate the theoretical time of tide as it 
would be without the North and South Indian systems, and not the times of the actual 
tide. 

Assume now the existence of the South Indian system without the North Indian; 
the tides in this area will, as was assumed before, synchronize with those in the channel, 
and so instead of o and VI we shall have about I.5 and VII.5. 

If, on the other hand, a wall were built across the channel, the theoretical times of 
tide produced in this half-wave area would then be II.1 and VIII.1. 

But the L-shaped region extending from Mozambique Channel toward India, thence 
to northwestern Australia, can not have twelve hours as its free period because the 
virtual length of either of the two trapezoids into which the region can be divided is too 
small, being in each case less than that of the original rectangle. It is, therefore, fair 
to assume that the Mozambique-India half-wave area does not synchronize with the 
Australia-Arabia whole-wave area; for, although each has a free period approximating 
twelve hours, the period of the combination regarded as an L-shaped figure is much 
shorter.* 

We can, therefore, by lemma 27, suppose that the oscillations of the north Indian 
system and that of the Mozambique-India area are nearly independent of each other, 
although it is probable that the latter is accelerated a few minutes by the former because 





*4 43, Part IV A or lemma 5. 
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the loop in the Arabian Sea marked ITI, Fig. 1, lies unequally with respect to the nodal 
line off Somaliland. 

Before proceeding further, let us consider the case of two systems of oscillation in 
a square area. For simplicity, let the two amplitudes be taken as equal. Suppose the 
phase of the north-and-south oscillation to be 60° in advance of that of the east-and- 
west oscillation. Fig. 4 shows the arrangement of the resulting cotidal lines for each 
half hour, also the lines along which the range of the tide is constant. It is to be noted 
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that the cotidal lines are crowded together near the nodal lines of the component oscil- 
lations. The crowding will differ from that shown in Fig. 4, if we use another ampli- 
tude ratio and phase difference. But this figure will give a general idea of how the 
cotidal lines should be drawn for a square area. In all cases where the phase difference 
is not zero or 180° there must be a no-tide point around which the numbers of the cotidal 
lines progress, but not uniformly or at the rate due to depth. Where the phase differ- 
ence is zero or 180° there will be a nodal line and no progression.* 


* 44% 26, 32, Part IV A and @ 4, Part IV B. 
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Returning now to the Arabian Sea and adjacent waters we note that the conditions 
are far from having the simplicity of a square. Nevertheless, considering the superpo- 
sition of two independent systems, it can hardly be doubted that there exists a point 
near the intersection of the nodal lines (Fig. 1) where the range of tide is very small. 
It is almost certain that the cotidal lines should approximately radiate from this point 
being crowded together in the vicinity of Cape Guardafui and spread apart in the 
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Arabian Sea and toward the Mozambique Channel. Moreover, the progression around 
this point should be clockwise and apparently irregular. 

Instead of the complete square, Fig. 4, imagine a region having nearly the form of a 
square, but deprived of a portion of its boundary, as shown in Fig. 5. The half-wave 
area occupies the greater part of the western half of region. The western half of the 
whole-wave area covers a little more than the northern half of the region. The eastern 
boundary, although imaginary or latent,* is as good as rigid so far as producing the 
tide is concerned. Although, as will be noted in § 31, the cotidal hour for the region 








* 29, Part IV A. 
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lying between the central loop of the North Indian system and that of the South Indian 
system is not far from VIII, and so the hour for the whole of the eastern end of the 
hypothetical square differs but little from IX, it is impossible to have an east-and-west 
oscillation across the southern portion of the square because no whole-wave area is 
possible immediately south of the North Indian system, and so the latent boundary of 
the eastern side of the square can not extend beyond the southern limits of this system. 

At the India end of the Mozambique-India region the east-and-west or whole-wave 
oscillation is probably as important as the north-and-south or half-wave, while at the 
south end the east-and-west oscillation is not directly felt. Hence, at India the tide 
occurs between the hours III and VII.5. In the Mozambique Channel, on the con- 
trary, it occurs at I.5, or probably a little earlier (say at I), because of the slight influ- 
ence of the north Indian system already referred to. Around the southern Maldive 
Islands, and especially around the Chagos Archipelago, the half-wave oscillation does 
not exist. From the Arabian Sea to the loop south of Ceylon the tide is small, and 
there an irregular progression occurs, as is usually the case between two nonsimultane- 
ous regions not too far apart.* There is also an irregular progression from the loop 
south of Ceylon to northern Madagascar. The direction of these progressions is clock- 
wise, as was that inferred at the close of the preceding paragraph. In the Gulfs of 
Aden and Oman the tide consists chiefly of stationary oscillations, although there is 
some progression on account of the inner waters beyond. Each of these two gulfs con- 
stitutes a dependent canal-like area whose length is a small fraction of the wave length A.f 

The Persian Gulf being a large, shallow body of water connected with the Gulf of 
Oman by a large strait, has a tide which progresses at about the rate due to depth. 
There is some retardation and therefore some crowding up of the cotidal lines in the 
strait. 


27. The Red Sea.} 


The tide in this sea is composed of a stationary wave caused by the tidal forces 
acting on its waters and a progressive wave produced by the outside tidal disturbances 
acting through the Strait of Babel Mandeb. ‘The force arrows applied to the nodal 
line of this sea, regarded as a simple canal-like area whose period is about a half day, 
give IV.5 and X.5 as the cotidal hours of the north and south ends, respectively. 

Because the range of the outside tide diminishes rapidly in passing through the 
strait, it is difficult to ascertain where a wave progressing at the rate due to depth 
will be established. But observations made at the north end of the sea indicate that 
high water of the resultant or combined wave occurs there at about III.75 hours, 
whereas, according to what has just been said, the high water of the stationary part 
should occur at IV.5. If now we assume the amplitude of the progressive wave over 
the Red Sea to be constantly equal to the amplitude of the stationary wave at the loops, 
and assume the phase of the progressive wave to be 45° in advance of the phase at the 
loops of the stationary wave, the result of combining the two is as shown by the cotidal 
lines, the extreme southcrn end of the sea being excepted (§ 3). On account of the 
extreme narrowness of the strait, these assumptions concerning the progressive tide 
seem to be reasonable. In making the computations the depth of the sea was assumed 
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eee 


364 COAST AND GEODETIC SURVEY REPORT, I904. 


to have a certain constant value over the region north of the nodal line and a slightly 
smaller but constant value over the region south of it. The manner in which tke 
cotidal lines should be distributed in and near the strait is somewhat uncertain because 
the theory underlying sucli cases has not vet been worked out.* 

As indicated by-the map the tide in the narrow but deep Gulf of Akabah is chiefiy 
a stationary wave, whose high water is about simultaneous with that at its mouth. 

The tide in the much shallower Gulf of Tor is also chiefly a stationary wave with 
a node at Tor Bank.t However, as the ending of the gulf is not extremely abrupt 
there must be some small progression upward. Assuming the cotidal hour of both 
stationary and progressive waves to be III.75 at the mouth and the constant amplitude 
of the progressive wave to be one-third of the maximum amplitude of the stationary 
wave, we obtain the cotidal lines shown on the map. 


28. No large wave progresses from the South Indian Ocean into the North Indian, 
producing the tide of the latter. 


An harmonic analysis of the tides at Freemantle, Swan River entrance, western 
Australia, shows that the average range of semidiurnal tide is there only 0.4 foot. A 
similar analysis at Port Louis, Mauritius Island, gives for the mean range of tide 1.1 
feet. 

Upon examining any chart of the Indian Ocean which shows the depths approxi- 
mately, it will be seen, upon making a few measurements, that the region of small 
range extending from Freemantle to Mauritius Island can not indicate a true nodal 
line. Again, observations do not indicate that nearly the whole of the Indian Ocean 
belongs to one system, as such an extended nodal line would imply. 

We are therefore led to believe that there is a region of small semidiurnal tides 
extending from Freemantle to Mauritius Island, and that the absence of a good tide is 
due to the fact that the distance between western Australia and Madagascar does not 
approximate to A or to one-half A, as an east-and-west stationary wave would require. 
Some tide, however, exists, and for reasons which will be given in § 31. 

By referring to the table given in § 97, Part IV A, it will be seen that for 
Freemantle (690), Kupang (614), Banjuwangi (561), and Port Louis (870), the ratio 
S, M, is larger than the corresponding ratio of the tidal forces, i. e., than 0.465. The 
same is true of Port Darwin (681.5), given in § 19, Part IV B. This indicates that 
the length of the whole-wave area of the North Indian system, especially of this area 
when joined with or influenced by the waters between Australia and Madagascar, cor- 
responds better to a solar-wave length than to a lunar. This accords with inferences 
made from known distances and depths by aid of Table 51. 

Again referring to the same tables it will be seen that the rativ O, K, is consider- 
ably less than the corresponding ratio of the forces (= 0.711), not only for the stations 
just mentioned but for the Indian Ocean generally. This shows what might have 
been inferred from Fig. 24, Part IV A, that the Indian diurnal system responds better 
to the period of K, than to the period of O.. 

There is some inward progression from Rodriguez northwesterly toward the 
Farquhar Islands and Cape Amber, but it is to some extent mixed up with the 
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stationary wave around northern Madagascar. In fact the tide between Rodriguez 
Island and Cape Amber is due chiefly to the rise and fall at the north end of Mozambique 
Channel; that is, a species of dependent transverse oscillation, part stationary and part 
progressive, is maintained by this rise and fall. A somewhat similar effect may exist 
off Northwest Cape, Australia. The cotidal lines must change from VIII to I in going 
from the early region east to Reunion Island to the northern end of Mozambique 
Channel, and from VIII to III in going from this early region to the loop northwest of 
Australia.* | 


29. Miscellaneous remarks. 


Upon referring to Fig. 1 it will be noticed that because of proximity to nodal lines 
the range of tide argund Ceylon and southern Hindustan must be small. For the same 
reason the tide along the outer or southwestern coast of Sumatra should be small. 
The tide at the western end of the southern coast of Java should be smaller than is the 
tide farther east. All these requirements accord well with the observed facts, as can be 
seen upon referring to the large map, Fig. 7. ) 

The distribution of the cotidal lines through each of the nodal lines respectively 
located east of Ceylon, off the Malabar coast, and off Somaliland has not been made 
upon the map in accordance with any assumed mathematical law. The lines are chiefly 
conjectural, although in accord with the observations. 

Upon measuring the dimensions of the oscillating areas, it may appear that the 
actual lengths are a trifle too short. for the existence of large tides, although no definite 
criterion has been laid down in such matters. There are difficulties in the application 
of Lagrange’s rule to even a canal-like body of variable depth. It seems, however, 
upon comparing the times required for the eruption of Krakatoa to have been felt at 
ports in India, Arabia, and Africa, that the areas as laid down on Fig. 1 must have a 
free period sufficiently long to permit good stationary oscillations. T | 

The map shows several cases in which a derived wave is produced at a sudden 
shoaling. For example, the Gulf of Martaban, the vicinity of the mouths of the 
Ganges, the Gulf of Cambay, and off the Gulf of Kutch. The progression north of 
Australia is due largely to such sudden shoalings as the Sahul Bank. <A dependent 
stationary wave is apparent in the Gulf of Kutch, and some traces of dependent 
stationary waves, shown in the acceleration of the times of the tide, can be seen at the 
80-mile beach (on the northwestern coast of Australia) and near and tn the mouth of 
the Hugli River. 

Sokotra Island and neighboring shoal have some influence upon the distribution of 
the cotidal lines in that locality. A similar remark may be made concerning the 
Laccadive and Maldive Islands. 

In passing through Sunda Strait, the range rapidly diminishes, while the cotidal 
lines bunch up.{ A somewhat similar statement is true of the narrow straits farther 
east .** 


i A 


* Lemma 25. ‘ 
+Cf. The Eruption of Krakatoa, and Subsequent Phenomena, tabulation opposite page 148 and 
Plate XXXV. ; 
t Lemma Io. 
** 64 104-106, Part I V A. 
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The tide wave entering Palk Strait proceeds southwesterly up Palk Bay, at about 
the rate due to depth, nearly to Adams Bridge. 

The tide proceeds southeasterly through Malacca Strait, but not at the rate due to 
depth alone, excepting in the broader portion. 


30. Fivdence obtained from tidal streams. 


The directions of the observed tidal streams as given in the Admiralty Pilots afford 
some clue to the character of the tidal oscillation, especially in localities wher: the 
motion is rectilinear. Around the Maldive Islands the flood stream sets easterly and 
around the Chagos Archipelago it sets southeasterly. In the northern end of Mozam- 
bique Channel the. flood sets southerly and in the southern end northerly. Moreover, 
we find that flood slack occurs soon after high water in the channel, as a stationary 
oscillation requires. These facts could have been inferred from Figs. 1 and 7. 

On the southern coast of Cape Colony, from Table Bay eastward to Port Alfred, 
10 sensible tidal stream exists, although there is a moderately large rise and fall. This 
is in accordance with the lines of motion terminating at the shore which runs nearly 
perpendicular to them. See Fig. 1. | 

The southern shore of Baluchistan lies at the loop of the half-wave area as also of 
the whole-wave area. Consequently the tidal streams should there be weak, and 
observation shows this to be the case. 

Across the shoals and around the islands east and northeast of Madagascar there 
are strong tidal streams. According to the map of cotidal lines, this is a region where 
the tide varies both in time and in range; such conditions always imply large accele- 
rating forces for the water masses and generally large velocities, especially over shoals. 

In the short straits which separate from one another the islands east of Java, the 
currents should be swift. This statement is confirmed by observation. But whether 
or not the time of maximum flood velocity is an hour or so before the time of high 
water at the southern ends of the straits has not yet been ascertained. 

Strong tidal currents occur among the Nicobar Islands and generally among the 
Andaman Islands. At Table Island the streams turn at about the times of high and 
low water. 

The streams in the Gulf of Suez accord well with the notion of a stationary wave, 
the times of slack water very nearly coinciding with the times of the tide at the head 
of the gulf.* 


31. The South Indian system, 


The South Indian system has been briefly considered in § 77, Part IV A. It 
extends from the south coast of Australia southwesterly 14 A to where it is supported 
by the Antarctic Continent; thence northwesterly 14 A to Madagascar and South Africa. 
By constructing a diagram similar to Fig. 2, it will be found that the theoretical cotidal 
hour for either end is about III, and for the middle IX. According to Figs. 6 and 4o, 
the cotidal hour for the south coast of Australia is about III. 

By referring to Fig. 6, it will be noticed that there exists a region north of Kergue- 
len Island, from which the numbers of the cotidal lines increase in whatever direction 
one goes. The approximate time of tide of this region can be seen from theoretical 
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considerations, viz.: It should be not far from IX, because this is the time for the loop 
of the systems lying to the north and to the south of it.* On account of the magnitude 
of the space between the two systems, it is reasonable to expect to find small ranges 
between Australia and Madagascar. Farther south the range is greater; the mean 
range at St. Paul Island being 3.0 feet, and at Betsy Cove, Kerguelen Island, 3.2 feet. 
According to Fig. 6, the hour for this region is VIII. Figs. 6 and 7 show a number of 
progressions in various directions whose antecedent waves extend to this region t and 
have the effect of causing its tides to occur a little earlier. . 

Just westward of this early region, particularly of its northern part, a great crowd- 
ing up is necessitated because the tide south of Africa aud Madagascar occurs at I, 
Greenwich time, and its range is there considerable. 

Spencer Gulf.—According to Fig. qo, the tide is partly progressive and partly 
stationary. The same is true of the Gulf of St. Vincent. This can be seen by using the 
depths given in Fig. 34, Part IV A, and Table 50 or 51. 

The tides off Kangaroo Island are delayed by openings on either side of the island. 

Bass Strait,—The Pacific tide joins the Indian tide near the western end of the 
strait. The range of tide is somewhat greater at the eastern end than at the western. 

In Port Phillip the tide is delayed and its range diminished by the narrow entrance. 
(See Figs. 34, 35, and $105, Part IV A.) 

South of Tasmania there is a large region whose cotidal hour is about X. The 
tide is largely due to the Pacific acting through the channel between New Zealand and 
Tasmania. But upon referring to the South Pacific system (Fig. 23, Part IV A) it 
will be seen that the loop marked XII lies near the Antarctic Continent southeast of 
New Zealand, while the loop marked IX of the South Indian system rests upon the 
Antarctic Continent southwest of Australia. Hence the time of tide along the Antarctic 
Continent changes from IX in this last locality through X south of Tasmania to XII 
southeast of New Zealand. 

From this X region to the loop marked III just south of Australia the time of tide 
changes rapidly, as is indicated by the crowding up of the cotidal lines just west of 
Tasmania. 


32. References to Indian Ocean tidal observations and discussions. 


/ndia.—Reports of Survey of India, referred to in § 18. 

India; Kerguelen Island; and Southwest Australia.—Proceedings of the Royal 
Society of London. Vols. 39, 45, and 71. 

East [Indies.—§ 18, under Van der Stok and Archives. Neéerlandaises. 

Comptes-Rendus de 1’ Association Géodésique. 

Port Louts, Mauritius [sland.—Voyage autour du Monde, de 1l’Uranie, Vol. II. 
Paris, 1826. 

St. Paul [sland,—Recueil de Mémoires, Rapports, et Documents Relatifs a 1’ Obser- 
vation du Passage de Vénus sur le Soleil. Paris, 1878. 

Madagascar and [ndo-China.—Comptes-Rendus de 1’ Association Géodésique Inter- 
nationale, 1900. 

Annales Hydrographiques, rgor. 


* Lemma 25, last line. t Lemmia 29. t Lemma 31, Case 3. 


CHAPTER VI. 


THE SEMIDIURNAL TIDES IN THE ATLANTIC OCEAN. 


33. Character of Atlantic tides. 


The tides of the Atlantic Ocean are remarkable for the smallness of .the diurnal 
wave, a circumstance due to the absence of oscillating systems whose free period 
approaches 24 hours.* As the small tides of the Mediterranean Sea caused the civilized 
nations of antiquity to pay little attention to the semidaily rising and falling of its” 
surface, so in later times the small diurnal inequality in the Atlantic caused the western 
nations to regard as remarkable the tides observed in other seas where this inequality 
becomes prominent. But when Newton calculated its theoretical amount by his equi- 
librium hypothesis he saw that the forces indicated an inequality in the tides several 
times greater than any which had been observed on the coasts of Europe. This led 
him to an erroneous explanation of the phenomenon. The error was pointed out by 
Laplace. But he in turn makes the erroneous suggestion that the smallness of the 
diurnal rise and fall in the Atlantic may be analogous to its total absence in case of a 
globe uniformly covered with water. + 

The semidiurnal tides of this ocean are due chiefly to two oscillating systems, which 
are described in §§ 72-73, Part IV A. 

By referring to Fig. 6, it will be seen that there is one conspicuous amphidromic 
region southeasterly from Newfoundland, the center being placed at 4o° N. and 4o° W. 

It will also be seen that there is, generally speaking, a northerly progression in the 
time of tide from the Antarctic Continent south of Cape Colony, through the main 
body of the Atlantic. The progression from South Africa northward led to the once 
common belief that the tides of the Atlantic are largely, or even chiefly, derived from 
the waters farther east. It is true that unaccountable irregularities in the rate of this 
progression and great variations in the range of tide caused many students of the subject 
to doubt the derived-wave hypothesis. 

The reasons fora general northward progression along the western coasts of Africa 
and Europe are not difficult to find, nor are its irregularities surprising. Given several 
regions of high water, such as would be produced by two oscillating systems, it is clear 
that in going from one region to another the times of tide for all intervening points will 
be forced to assume all intervening values. The change may be made suddenly, caus- 
ing a crowding together of the cotidal lines, or it may be made in such a way as to 
distribute them more equably. [ Progressive waves in the ocean are generally caused 
by openings in the shore lines at or near the loops of the oscillations where the rise and 
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fall is considerable. * A similar cause is the sudden receding of the shore line from a 
part of it which supports a good rise and fall. {| The openings around the northern 
part of the North Atlantic generally favor northward progression; so do the sudden 
recessions of the coast and changes of depth near Cape Frio, South Africa, and between 
Sierra Leone and Cape Verde. 

But even in this ocean there are progressions taking other than northerly directions. 
The tidal hour for the waters around southern Greenland lies between VIII and IX, 
and for deep water off the eastern coast of the United States it is about XI¥%. Some 
kind of southerly progression from the former region to the latter must, in consequence, 
take place. { The tide progresses southwesterly from a region west of the Cape Verde 
Islands to the northeastern coast of Brazil. This is largely due to the overlapping of 
the two systems (§ 4). 

However, on account of the general tendency of the progressions of the times of 
tides, we shall begin with the southeastern corner of the ocean and gradually work 
northerly and westerly. The tides of Patagonia and Argentina will be described in 
connection with the South Pacific system, from which they are derived. 


34. South Atlantic Ocean. 


The first half wave of the South Atlantic system (Fig. 23, Part IV A), extends 
from the Antarctic continent to latitude about 27° S. The southern coast of Cape 
Colony is therefore less than 14 A distant from the Antarctic continent, and so the inter- 
vening region responds to the solar forces more readily than to the lunar. 

The east-and-west extent of the Cape Colony coast line is not, however, sufficient 
for the establishment of an independent solar system of large range of tide. || 

Doubtless the South Indian system, taken in connection with the adjoining waters 
to the north of it, also favors the solar forces. Hence it is not surprising to find that 
the ratio S,'M, is 0.55 for Durban, Port Natal, and 0.47 for Port Elizabeth, Algoa 
Bay. Cape Town being less influenced by the South Indian system, the ratio S,/M, 
becomes somewhat smaller, viz., 0.42. 

The considerable progressive wave over this half-wave area is necessitated by the 
progressive wave generated near Cape Frio, as mentioned in the preceding section, and 
which is chiefly responsible for the tides in the Gulf of Guinea. 

Between the loop marked XII, west of South Africa, and the eastern coast of 
Brazil is a branch of the next or second area of the South Atlantic system. 

The great distance between the lines V% and VI, east of Brazil, Fig. 9, indicates 
the stationary character of the oscillation. The decrease of range in going from Per- 
nambuco to Rio de Janeiro indicates approach to the free southern boundary of this 
branch area. 

The Admiralty Tide Tables give 2 feet as the value of the spring range at Ascen- 
sion Island. ‘This indicates that the nodal hneof the area probably passes not far 
from it. 4/ 


* Lemma I4. || Lemma 3. 1279, PartIV A. 
t Lemma 19. t Lcomma 25. Cf. ¢ 35, Part IV A. 
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35. From Liberia to the Windward Islands, 


The tides of Liberia and Sierra Leone are not much affected by the North Atlantic 
system, but belong chiefly to the South Atlantic system. Hence, unless delayed by 
shoals, the tidal hour should be VI. A nodal line of the North Atlantic system 
probably passes just south of the Cape Verde Islands. Hence it happens that from a 
region south of these islands or even from Liberia to the Barbados the time of tide 
changes by scarcely more than half an hour. There are extensive shoals west of Sierra 
Leone and around the Bijonga Islands. 

The northeastern coast of Brazil forms a portion of the end boundary of the North 
Atlantic system, and so the theoretical time of tide for the greater part of this coast is 
about VIII.* The southern lateral boundary of the South Atlantic system is situated 
some distance out from the coast of Guiana and Brazil, somewhat as indicated by a 
heavy line in Fig. 23, Part IV A. Hence the theoretical time of tide off this coast lies 
between VI and VIII (§4). The extensive shoals off the Amazon and Para rivers 
cause a considerable progression, and delay the time of tide for this part of the coast. 

In going up the shallow delta of the Amazon, the tidal hour is much increased; 
but tidal data and even soundings are so meager that cotidal lines can not be drawn far 
upthe river. A bore occurs when the range of tide and stage of the river are favorable. t 

The tides around Trinidad Island belong almost entirely to the North Atlantic sys- 
tem. The range is much greater on the south side of the island than on the north side, 
the oscillation in the former locality being better supported than in the latter. Hence 
the strong currents experienced by Columbus in the Dragon’s Mouth.t 

From Trinidad to Guadeloupe the semidiurnal range of the tide diminishes rapidly. 
The tides in the southeastern part of the Caribbean Sea are derived from the loop marked 
VIII of the North Atlantic system influenced, however, by the loop marked VI of the 
South Atlantic system. || 


36. From Guadeloupe to the United States. 


The range of the semidaily wave on the south coast of St. Thomas Island is a little 
less than o.3 foot, and the mean range of tide San Juan, P. R., is 1.1 feet. These 
indicate that the nodal line lies not far east of St. Thomas. Figs. 11, 14, 16, show 
how nearly simultaneous are the tides along the greater part of the Atlantic coast of 
the United States, the Bahamas, the northern coast of eastern Cuba, the northern coast 
of Haiti, and of Porto Rico. Moreover, the range steadily increases in going from 
St. Thomas to Savannah River entrance where it is 6.8 feet. All these facts point to 
a stationary oscillation, and Fig. 23, Part IV A, indicates that it forms part of the South 
Atlantic system. 

Here we have one of those rare cases where a nodal line of a system is not obscured 
by progressive waves or by the overlapping of another system. 

Upon consulting the charts of soundings, Figs. 19, 20, Part IV A, and making use 
of Table 51, it will be seen that the length of the South Atlantic system is a little more 
than 3/24. Hence unless neighboring waters alter the mode of oscillation for the solar 
wave it follows that the ratio SM, must be less than the ratio of the corresponding 











|| Lemma 14. 
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forces. The quarter wave length here considered is almost free from such influences. 
Hence the remarkably small value of this ratio for tides along the Atlantic coast of the 
United States. See table in § 97, Part IV A, Nos. 32-105. 


37. The Caribbean Sea. 


The tide along the coast of Panama agrees well with the corrected equilibrium 
theory both as to time and range (S$'2, 3, Part IV A). 

The tide in the northern portion of the sea is due chiefly to the tide north of Cuba 
and Haiti acting through the Windward Passage. Farther west the effect of the tide 
in the Gulf of Mexico becomes apparent. See Figs. 11 and 17. 

As already noted, the tide in the southeastern corner of the sea depends directly 
upon the tide in the ocean just outside. 

The northeastern corner of the sea can have only very small ranges because a nodal 
line exists in the outside waters, and because the numerous openings between islands 
which bound the sea on the north and east prevent the formation of an equilibrium tide. 
The hour of tide changes rapidly, increasing toward the north. 

Very little is known of the tides along the southern coast of Haiti or along the 
opposite coast of South America. 


38. The Gulf of St. Lawrence. 


The tides of the Gulf and River of St. Lawence are interesting in several respects, 
but chiefly on account of a large, stationary oscillation, a landlocked wave eddy or 
amphidromic region, and a wide variation of range at different points of the river. 
The first of these features has been noted in § 91, Part IV A, and the other two are 
shown upon Fig. 13, Part IV B. A map of soundings covering this region is given as 
Fig. 31, Part IV A. 

North of the Magdalen Islands the range of tide is small while in the channel off 
Cape Rosier or Gaspé the range is 4 or 5 feet. The shore line here suddenly turns off 
from the direction of the main channel, forming the western boundary of a broad, shal- 
low embayment. Hence, by lemma 1g, a southward progression takes place following 
the general direction of this shore line. Section 13 deals with cases of this kind; what 
is there referred to as the ‘‘outside body’’ is here represented by the channel between 
the Magdalen Islands and Anticosti Island. The range of this progressive shore wave 
diminishes as it proceeds. The part entering Northumberland Strait from the west 
meets the wave from the east at Cape Tormentine. 

Upon referring to the cotidal chart of this region as well as to the chart of depths, 
it will be seen that progression in the river at the rate due to depth does occur below 
the mouth of Saguenay River. The greatest range occurs off the lower end of the Isle 
of Orleans, where it is nearly 17 feet; the tide disappears at Lake St. Peter. 

As might be expected, the duration of fall in the upper part of the river consider- 
ably exceeds the duration of rise; at Quebec the difference is two solar hours. 

The tide of Chaleur Bay is chiefly stationary. 

A branch of the main channel extends northeasterly between Newfoundland and 
Anticosti Island. The tide in the center of this branch is nearly simultaneous with 
that at the point where it joins the main channel; but some delay occurs in reaching 
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either shore. Moreover, the gradual narrowing and shoaling of this area between 
Newfoundland and Quebec causes the range on either side to be considerable, viz., 3 or 
4 feet. The tidal hour off the eastern end of Anticosti Island being II% and off the 
western end a little more than V%, the cotidal lines must crowd together in the strait 
north of this island. 
' The Strait of Belle Isle has little influence upon the tides of the Gulf. 

The tidal hour is probably between XII and XII¥% for the eastern cuast of the 
Magdalen Islands, and probably assumes all values from % to XII along the 
remainder of the coast, but no data are available for verifying this conclusion.* 


39. From Nova Scotia to Rhode [sland. 


Along the greater part of the Atlantic coast, extending from Nova Scotia to 
Florida, the time of tide is but little delayed on account of the strip of shallow water 
which borders it. (For depths, see Figs. 19 and 31, Part IV A.) This is an applica- 
tion of lemma g, since the offshore flood and ebb streams are probably nearly normal 
to the coast line. We can imagine canals leading from deep water to or into the coast 
line, each having a stationary oscillation. Generally such canals are less than 4A in 
length. The Gulf of Maine has a shoaling at Georges Bank which causes a progression 
to there be formed; that is, the Gulf of Maine can not be considered as forming part of 
the large body of water to the southeast or even as being a dependent area synchronizing 
with it. The virtual length of the Gulf of Maine and the Bay of Fundy being nearly 
YX, there must result large tides for the inner waters, sustained by the progression, 
and occurring three hours later than the tides outside. This has been explained in 
§ 34, Part IV A and alluded to under lemma 12. A similar explanation applies to 
Long Island Sound, but instead of a shoaling at the mouth we there have a contraction. 

In case of tidal rivers, the tide wave is generally progressive, so that there is no 
tendency to synchronization with the tide outside. Off the mouths of large rivers, 
antecedent waves become noticeable. | 

Large as is the tide in the Bay of Fundy, it doubtless would have been a little 
larger, in the bay proper, had there been no Basin of Mines. For reasons similar to 
those just referred to, the oscillation of the bay is interfered with by any dependency 
which can not synchronize with it. As it is, this branch implies an antecedent wave, 
and so there must be some progression up the bay from this cause. 

The converging shore line and lessening depths increase the range in either sta- 
tionary or progressive waves. For this reason the largest tides of all occur near the 
head of the Basin of Mines and up the Petit Condiac River, the range in the former 
reaching about 43 feet and in the latter 4o feet.T 

At Boston the range of tide is 9.6 feet and at St. John it is 20.8. 

The smallest known mean range of tide connected with the Gulf of Maine oscilla- 
tion occurs at Tom Nevers Head, on the south coast of Nantucket Island, and amounts to 
only 1.2 feet. (See Figs. 14 and 15.) 





* For tides in the Gulf of St. Lawrence, see Dawson’s Reports on Survey of Tides and Currents in 
Canadian Waters for 1898, 1899, and 1903. 

+ For tides in the Bay of Fundy, see Dawson's Report on Survey of Tides and Currents in Canadian 
Waters for 1899. For tides in St. John River, see Bull2tin XV of the Natural History Society of New 
Brunswick, pp. 65-82. 
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The tide north of Nantucket Island comes from the east and its hour 1s about IV. 
The XII-hour line passes a short way south of Nantucket Island and meets the land 
at the western end of Marthas Vineyard. Hence the changé of four hours in going 
through Muskeget Channel and the rapid currents. The change is also rapid between 
Marthas Vineyard and the mainland. The tide wavein Buzzards Bay is almost station- 
ary, the time of occurrence being less than half an hour later at the head than at the 
mouth. 

The tide reaches the southern side of Sable Island about one hour before it reaches 
the northern side. This shows the delaying effect analogous to that referred to in 
lemma 28. (See also Fig. 13, Part IV A.) 

In going from the Greenland loop of the North Atlantic system to the United 
States loop of the South Atlantic system, the tidal hour must change from VIII to XII. 
The manner in which this change takes place depends largely upon the depths encoun- 
tered and upon the presence of antecedent waves which are necessitatetl by the pro- 
gressive waves, the latter being due to openings in the shore line or to off-lying shoals, 
lemmas 10, 14; e. g., Cabot Strait, the submerged strait south of Nova Scotia, Georges 
Bank, Browns Bank, and Florida Strait. 


40. From Rhode [sland to Florida. 


The tidal hour for this stretch of coast is about XII. The earliest point is Cape 
Lookout, where the hour is XI%. 

The tides in Long Island Sound are analogous to the tides in the Gulf of Maine 
and Bay of Fundy, and so at the western part of the Sound are three hours later than 
the tides outside and upon which they depend. There is, however, some progression. 
The range varies from 1.9 feet at Montauk Point to 7% feet at the western end of the 
Sound. 

On the outer or southern coast of Long Island the tide occurs remarkably early, 
for reasons given in connection with lemma 32 (case 3). This is so notwithstanding” 
the existence of Fire Island Inlet and other smaller straits leading to Great South Bay. 
For, the flow through the inlet being simply a hydraulic effect, the tide just south of 
the inlet will be accelerated rather than retarded. (Cf. § 25 and statements under 
lemma 29. ) 

The tides in New York Harbor and the lower part of the Hudson River have nearly 
the same range as the tide at Sandy Hook, where it is 4.6 feet. At Governors Island 
the tidal hour is XII.72, while at Willets Point it is III.66. This in a general way 
explains the strong tidal currents in East River, as was pointed out in § 37, Part I, and 
§ 106, Part IV A. 

The tides of Peconic, Great South, Jamaica, and Barnegat bays are chiefly due to 
hydraulic effects, the rising and falling of the waters outside causing a rapid flow 
through the connecting straits or inlets. For Great South and Barnegat bays the 
range is much reduced and the time of tide delayed, as shown in Fig. 15. (See §§ 104, 
105, 111, Part IV A.) (In the formula there given for «, the words ‘‘ amplitude of tide 
outside ’’ should be stricken out.) 

Up the Delaware Bay and River the wave progresses at nearly the rate due to 
depth. The values of Fig. 14 show that the range increases considerably above its 
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value at the capes. The difference between the duration of rise and fall at Philadelphia 
is 2h. 35 m. 

While the funnel-shaped Delaware Bay favors an increasing range of tide, Chesa- 
peake Bay, with its contracted entrance and subsequent expanse and connections with 
dependent tributaries, tends to reduce the range. The tide progresses up the bay, but 
in a somewhat irregular manner, as shown in Fig. 14. Near the mouth the high water 
occurs on the western shore of the bay before it occurs in the western shore of Cape 
Charles; this is acase coming under lemma 28. Up the numerous tidal rivers the wave 
progresses regularly. However, by lemma 32 the progression is slower than mean 
depth would call for. 

The tides in Albemarle Sound, Pamlico Sound, and in New River are very small, 
owing to the narrow openings connecting them with the sea. 

For South Carolina, Georgia, and northern Florida the range of tide is larger than 
for the outer coast farther north. Here the last loop of the South Atlantic system 
finds a good support; moreover, the distance to the free northeasterly boundary of the 
system is considerable. 

The tide in the St. Johns River is greatly reduced in range at Jacksonville, where 
there is a constriction in the river. 

As the Strait of Florida is approached the range decreases. 


41. The Gulf of Mexico. 


Upon referring to § 3 and Fig. 23, Part IV A, it will be seen that the tidal hour 
for the eastern part of the Gulf should be III, according to the corrected equilibrium 
theory, and the hour for the western part should be IX. Upon referring to the chart 
of cotidal lines for the Gulf, Fig. 17, this will be seen to be the case; but it will also be 
noticed that, excepting the eastern part, the hours generally progress in going westward, 
and so the cotidal lines are not amphidromic, as the equilibrium theory requires. Hence 
arises evidence of a progressive wave from the Strait of Florida. A little west of the 
center of the Gulf the hour increases rapidly in going westerly, indicating that the 
amplitude of the progressive wave must there be small; for, if its amplitude were zero, 
the tidal hour would change suddenly from III to IX in crossing the center of gravity 
of the equilibrating surface. 

Consider the derived wave front extending from Yucatan to the Dry Tortugas. 
Suppose its center to progress through deep water toward the Mississippi Delta. The 
eastern wing of this wave crest will approach parallelism to the coast of Florida on 
account of the rapidly decreasing depth found between the deep water and this coast. 
(See Fig. 14, Part IV A.) The wave will reach the coast of Louisiana remarkably 
early or at about the time indicated by the depths of the Gulf. The range in deep water 
will become smaller as the distance from the source of disturbance increases, because of 
the ever-increasing length of the crest of the wave, which disperses the motion more and 
more widely. Hence the range continually diminishes as we go northward parallel to 
the coast of Florida. The eastern wing of the crest, by moving eastward over con- 
tinually shoaling water, will cause the range to be much increased by the time the 
Florida coast is reached. Of course, a somewhat similar east-going progressive wave 
results from the equilibrium tide, and the range of this derived wave will also increase 
toward the coast. 
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The tides between Cape San Blas and the Mississippi Delta can be approximately 
determined by considering both the progressive wave and equilibrium tide near the edge 
of deep water, and adding the time of transmission to the shore. 

As the eastern wing hinges upon Florida Keys so the western wing hinges upon 
northeastern Yucatan.* The range diminishes in going from the northern coast of 
Yucatan northwesterly. Consequently the tides in the southwestern part of the Gulf 
should be eventually equilibrium tides, and observations indicate that such is the case. 

Small as the progressive wave is, its range is greater than that of the equilibrium 
tide in the deep water south of the coast of Louisiana, thus causing a westerly progres- 
sion, instead of an easterly one, in this part of the Gulf. From Fig. 23, Part IV A, it 
is seen that the equilibrium tide off Port Eads, Mississippi Delta, is only 0.1 foot; this, 
however, increases to 0.4 foot off the mouth of the Rio Grande. The time of tide for 
the edge of deep water off the coasts of Louisiana and Texas can be estimated by giving 
greater weight to the derived wave off Port Eads and by gradually increasing the weight 
given to the equilibrium tide as one goes toward the Rio Grande. If tothe times thus 
determined be added the time of transmission to the shore, the tides of Texas and 
southern shore of Louisiana will be nearly explained. 

As already noted, the equilibrium tide controls the tide in the southwestern corner 
of the Gulf. 

Between Galveston and Tampico no data are available concerning the semidiurnal 
tides. 

The table given under § 97, Part IV A, shows that throughout the Gulf the ratio 
S, M, is considerably increased over its value for the Atlantic coast, indicating that 
the equilibrium tide of the Gulf is generally comparable in magnitude with the tide 
derived from the ocean. This is also indicated by the fact that the age of the phase 
inequality, as shown by the value of S.°—M,°, is much less for the Gulf than for the 
outside ocean. 

The broad simultaneous region in the eastern half of the Gulf is in a general way 
explained by the fact that the derived and equilibrium tides do for this region 
approximately agree in phase, while the crowding up of the cotidal lines in the western 
half results from the two waves being tn approximately opposite phases. The time 
required to transmit a disturbance from the western approach end of Florida Strait to 
the deep water line off the Rio Grande is about 24 lunar hours. | 

Some account of the tides of the Gulf has been given in §§ 89, 90, 92, 96, Part 
IV A. 


42. Northwestern Africa and Southwestern Europe. 


In passing northeasterly through the Cape Verde Islands, the tidal hour increases 
rapidly; this indicates proximity to a nodal line of the North Atlantic system, as well 
as proximity to the free boundary of ‘the South Atlantic system. A tongue-shaped 
region of early tide extends, as already noted, from south of these islands to the 
Barbados. South of Cape Verde Islands the hour is VI, while at the loop off Morocco 
it is II. The general reasons for a northward instead of a southward progression have 
been given in §§ 8, 33. The wide distances between the cotidal lines north of the 
Canary Islands and the increased range indicate a loop of the system. 





* 236, Part IV A, and lemma 28. 
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Upon inspecting Fig. 18 it will be seen that the range of tide decreases from 9g feet 
near Cape St. Vincent, to 41% at the eastern Azores and to 2% feet at Flores, the 
most western. This shows that the tide is approaching zero range in going westward, 
and, taken in connection with the fact that all these places have nearly the same tidal 
hour, throws much light upon the position of the no-tide point. By comparing the 
times and ranges of Nova Scotia, Sable Island, and the eastern coast of Newfoundland, 
some evidence of the existence and location of the no-tide point can be obtained. 

The early tides at the Strait of Gibraltar and at the head of the Bay of Biscay 
have been noticed in § 8 and § 9 case 5. 


43. The Mediterranean Sea. 


The tides of this sea have been discussed ‘at some length in §§ 84-88, Part IV A. 
The conclusions there reached appear to be mainly correct, with the exception of one 
concerning the Adriatic found near the close of § 87. 

The tidal hours for the eastern part of the sea nearly obey the equilibrium theory, 
as a comparison of Fig. 19, Part IV B, with Fig. 23, Part IV A, will show. The 
cotidal lines are probably amphidromic, radiating from the Isle of Crete. High water 
on the coast of Syria occurs at the time of low water off Tripoli. The tide from this 
part of the sea joins that of the western part through the straits on either side of Sicily. 
The cotidal lines are crowded closely together in the straits because the time of high 
water off the southeastern ends of the straits is II and off the northwestern a little 
more than VII. , 

The tide in the Adriatic is partly stationary and partly progressive. The Adriatic 
constitutes a dependent oscillating area whose length is nearly 144A. The crowding 
together of the cotidal lines indicates proximity to the nodal line. The effect of the 
earth’s rotation is shown by the tendency to radiate from a point on the Italian shore. 
This body of water is quite analogous to the English Channel, as has been noted in § 12. 

The tides of the A“gean Sea being in part derived from those of the Mediterranean 
near the Isle of Crete are probably small. 

The tide in the western part of the Mediterranean is of nearly opposite phase to 
that of the Atlantic just outside. This accords with the theory of a strait leading from a 
tided ocean toa near-by but deep tideless sea of moderate dimensions. (§ 103,PartIV A.) 


References to Mediterranean Sea tidal observations and discussions. 


Malta.— Philosophical Transactions of the Royal Society of London, 1878. 
Toulon, Malta, Mfarseilles.—Proceedings of the Royal Society of London, Vol. 39 
(1885). 
Genoa, etc.—Annali Idrografici, Vol. 1. Genoa, 1go00. 
Ragusa, etc.—Mitteilungen des. k. u. k. Militargeographischen Institutes, Vol. 
23. Vienna, 1904. 
Adriatic Sea.— Admiralty Tide Tables. 


44. Zhe British Islands and the North Sea. 


Tacitus thus refers to the tides of the Isle of Britain: 


It is not the business of this work to investigate the nature of the ocean and the tides; a subject 
which many writers have already undertaken. I shall only add one circumstance: that the dominion 
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of the sea is nowhere more extensive; that it carries many currents in this direction and in that; and 
its ebbings and flowings are not confined to the shore, but it penetrates into the heart of the country, and 
works its way among the hills and mountains, as though it were in its own domain.* 

The fourth summer [A. D. 81] was spent,in securing the country which had been overrun; and 
if the valour of the army and the glory of the Roman name had permitted it, our conquests would have 
found a limit within Britain itself. For the tides of the opposite seas, flowing very far up the estuaries 
of Clota and Bodotria [Clyde and Forth], almost intersect the country; leaving only a narrow neck of 
land, which was then defended by a chain of forts. Thus all the territory on this side was held in 
subjection, and the remaining enemies were removed, as it were, into another island.f 


The tides around Great Britain and in the North Sea are remarkable in many 
respects. They are best described by constantly referring to the cotidal maps of these 
regions (Figs. 20-22). 

The cotidal line IV extends from the northwest corner of France to the southwest 
capes of Ireland, and thence to Rockall Island. The ranges for these three places are 14, 
7, and 4% feet, respectively. This line shows how the tide approaches the land. The 
diminution of range gives some indications of the nodal line of the northern half of the 
North Atlantic system, although it is covered up by the northeasterly progressing wave. 

Depending upon the incoming wave are the tides of the English and Irish channels. 
In these bodies of water the tide is partly stationary and partly progressive, much influ- 
enced by the deflecting force of the earth’s rotation. (See S§ 3 and 12.) 

The oscillation in North Channel is stationary, because high water at the south end 
of the channel occurs at very nearly the time of low water north of Ireland § 35, Part 
IV A. _ Instead of a nodal line extending across the channel, the deflecting ae of the 
earth’s rotation causes the cotidal lines to be amphidromic about a no-tide point, off the 
Mull of Cantire, § 12. 

Along the northern coast of Scotland to the Orkney and Shetland islands is an 
easterly progression. Between these two groups of islands and through Pentland Firth, 
the tidal hour changes rapidly and the flood and ebb streams are strong. The motion 
thus transmitted, together with that of a wave rounding the Shetland Islands, is the 
chief cause of the tides along the eastern shore of Scotland and England. However, a 
part of the wave passing north of the Shetland Islands proceeds northeasterly along the 
coast of Norway. Evidently the coast line at the south end of Norway is not touched 
by these waves, unless the progression up the coast of Norway entails a sensible antece- 
dent wave, which may reach southward toward the Naze. 

Down the eastern coast of Scotland and England the wave proceeds at about the 
rate due to depth. 

All accounts agree that there is very little tide between the Naze and Stavanger. 
Now imagine lines drawn from this region to the Shetland Islands, Orkney Islands, 
and northern Scotland, and we have reasons to believe that the large wave going down 
the coast of Scotland and England as far as Norfolk will control the tide over a sector 
of the North Sea, and that the cotidal lines will radiate from a point a little way off the 
southwest coast of Norway. (See cotidal maps of the North Sea, Figs. 21, 22, and § 13.) 

The main progression from the northwest turns to the east off eastern Norfolk and 
proceeds along the north coast of Holland and Germany to Holstein and Schleswig. 
From this locality northward the range of tide rapidly diminishes. 


* Life of Agricola, Ch. 10 (Oxford Trans. ). tIbid., Ch. 23. 
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The tidal streams in the arm of the sea between Belgium, Holland, and England 
indicate that it is essentially a stationary wave about 143 A long with a maximum north- 
easterly stream occurring at II, as one would expect from the fact that the tidal hour 
in the strait is XI and the range in the North Sea is comparatively small and of nearly 
opposite phase. (S$ 102, 103, Part IV A.)* 

The earth’s rotation should therefore cause the tidal hour at the Holland end of 
the hypothetical nodal line to occur at II and at the England end at VIII. This agrees 
fairly well with the observed facts. The stationary oscillation in this arm of the sea is 
sustained chiefly by the rise and fall at Dover Strait, and so the effect of the main body 
of the North Sea is little felt excepting where the arm joins it. The theoretical time 
of high water being II on the Holland coast, and the wave on this coast progressing 
northeasterly as the amphidromic requires, it will be seen that much crowding up of the 
cotidal lines must occur just south of Texel. Moreover, the influence of the amphi- 
dromic wave causes the tides off Texel to occur earlier than the time indicated by the 
North Sea tides alone. An opposite effect is produced on the English side. Hence the 
crowding up of the cotidal lines in the vicinity of Yarmouth and the broad space in the 
North Sea between the cotidal lines VI% and VII. 

The cotidal lines shown in Figs. 21, 22 have a striking resemblance to the scheme 
proposed by Whewell (Phil. Trans., 1833, 1836), and which Airy discredits in Arts. 
525-528 of his Tide and Waves. 

As stated elsewhere, the point at which Captain Hewett observed tides and found 
no rise and fall has been taken as the no-tide point for the amphidromic region between 
England and Holland. 

In passing up the Zuider Zee the tide is much retarded at the narrows near the 
middle of that body. South of the narrows the range of tide is diminished to about 
1 foot. 

The form assumed by the cotidal lines at the mouth of the estuaries of the Forth, 
Humber, and Thames has been explained in § 31, case 4. 

In going up the estuaries and funnel-shaped bays of England and Scotland the 
range of tide generally increases. 

Much might have been said concerning the peculiarities of the tides of Europe, 
especially the want of simplicity of the wave manifested in double high waters, long 
stands, short stands, etc.; also the want of equality between the times of rise and fall. 
But no explanation will now be attempted, for such phenomenon can better be treated 
in Part V.T 

One curious feature of the tides of Europe, and probably of those along the Atlantic 
coast of Africa as well, is the great variation in the ratio of O,'K,, and the large value, 
positive or negative, of K °—O,°. (See Nos. goo to 995 of the table given under § 97, 
Part IV A and Nos. gro to ror, § 19, Part IV B.) | 

Upon consulting the same table it will be noticed that S,°—M,°, and so the age of 
the phase inequality, is negative for Arendal, Oscarsborg, Christiania, and Copenhagen. 





* See charts entitled ‘‘ Tidal Streams in the North Sea,’’ by the Admiralty. 
tSee, for example, Etude Pratique sur les Marées Fluviales et Notamment sur le Mascaret, by 
Comoy. 
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References to tidal observations and discussions for the British islands and the 
North Sea. 


General references.—Tide Tables for the British and Irish Ports, by the Admiralty. 

Philosophical Transactions, 1831, 1833, 1836, 1845. 

Proceedings of the Royal Society of London, Vols. 39, 45. 

Norway.—Norske Gradmaalings-Kommission, 1882, 1904. 

Holland.—A\gemeene Dienst van den Waterstaat. Verzamelingstabel der Water- 
hoogten, for the month of April, 1894. 

Comptes-Rendus de 1’ Association Géodésique Internationale, 1goo. 


45. From the Faroe Islands to Newfoundland.* 


By consulting the chart of soundings, Fig. 19, Part IV A, it will be seen that a 
broad strait exists on either side of Iceland. Now, if a wave of uniform range were 
progressing northerly up the northern Atlantic Ocean it would be reasonable to expect 
to find a wave transmitted northward through both of these straits. But upon referring 
to Fig. 23, Part IV A, it will be seen that the strait between Greenland and Iceland 
is at the loop of the stationary oscillation while the strait between Iceland and the 
Faroe Islands is much nearer to the nodal line. Hence, the wave transmitted through 
Denmark Strait being of much greater amplitude than that which would be transmitted 
through the other strait, it 1s easily seen that it might proceed along the northern 
coast and govern the tides to the northeast of Iceland. Asa matter of fact the tides 
in this last-mentioned region are almost opposite in phase to those just south of the 
strait. Consequently, § 35, Part IV A, the oscillation in this strait must be chiefly 
stationary. However, there is some southward progression down the eastern coast of 
Iceland and some northward progression up the western coast of the Faroe Islands, the 
direction in the first case being governed by the preceding motion along the northern 
coast of Iceland and in the latter by the fact that the range north of the Faroe Islands 
is smaller than the range south of them, so that these islands form a part of a boundary, 
along the southern side of which is a good rise and fall. Again referring to the chart 
of soundings and to the chart of systems, it becomes evident that the range of tide for 
the western coast of the Faroe Islands must considerably exceed that of the eastern. 
Observations indicate about 71% feet for the former and 4% for the latter. The motion 
thus set up causes the hours to progress southerly down the eastern coast of these 
islands; that is, the wave is turned or refracted, as it were, around the northern end of 
the islands because of the shoals and deeper off-lying waters. 

The oscillation in the strait between the Faroe and Shetland islands is, in deep 
water, nearly stationary, since the waters to the southwest of it are nearly opposite in 
phase to the waters to the north. However, along the northern coast of Scotland and 
the western coasts of the Orkney and Shetland islands the tide consists chiefly of a 
wave progressing northeasterly at about the rate due to depth. 

The short length of the walls or sides of these two broad straits makes the effect of 
the earth’s rotation, 1f sensible at all, of secondary importance. 

Between Rockall and Labrador there is a considerable progression, due chiefly to 
the opening between southern Greenland and Labrador. 


* See Figs. 12, 18, 20, 23. 
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The range of tideat Nennortalik, near Cape Farewell, is 6.3 feet and at St. Johns, 
2.6; for the coast of Labrador it is 4 or 5 feet. These values indicate something about 
the position of the no-tide point. | 

The tide in Hudson Strait is unexpectedly large. The range at Port Burwell near 
the eastern end being 15.1 feet; at Ashe Inlet, Big Island, 23.5 feet, and at Port 
Laperriére, Digges Island, at the western end of the strait, 6.6 feet. The lateness of 
the tide on the southeastern shore of Ungava Bay has been explained in § 7. 

In the northern branch of Hudson Strait, constituting the southern portion of Fox 
Channel, the range is large, being 9.5 feet at Winter Island. 

The cotidal lines of Hudson Bay, as shown in Fig. 12, are little more than conjec- 
ture. The lack of reliable observations for the southeastern portion of the bay, and the 
uncertainties connected with the geography of Southampton and neighboring islands, 
cause inferences to be of little value. The range of tide is probably about 3 feet on the 
eastern side of the bay and more than twice that amount on the western. 

It may be well to here point out some evidence which goes to prove that the north- 
western corner of the North Atlantic Ocean, together with its tidal dependencies, 
belongs to the North Atlantic system. 

Upon referring to Fig. 23, Part IV A, it will be seen that the loop off Gibraltar is 
not overlapped by any other system, and that the same is true of the loop between 
Labrador and Iceland. Hence the magnitude of the phase inequality, as well as its 
age, should be comparable at the two ends of this area. That such is the case can be 
seen by comparing the values S,'M,, S,°—M,,° for Nos. 6-28 of the table given under 
§ 97, Part IV A, with similar values for Nos. 932-990 of the samie table. 

As has been already noted, the ratio S, M, is much smaller for the coast extending 
from Nova Scotia to Florida Strait, showing that the tides of this coast belong to a 
different system. 


CHAPTER VII. 
THE SEMIDIURNAL TIDES IN THE ARCTIC OCEAN. 


46. Indications of land near the pole. 


Before attempting to draw cotidal lines for the Arctic regions, some assumptions 
have to be made as to the distribution of land and water; but in making such assump- 
tions observations upon the tides and surface drifts form the principal guides, as the 
matter which follows will show. By considering this question in detail, an estimate can 
be made of the relative merits of the cotidal lines as drawn for different parts of the 
Arctic Ocean. Except for slight alterations, the remainder of this section is as it 
recently appeared in the National Geographic Magazine.* 

It is a well-established fact that there are two important surface currents (or drifts) 
in the Arctic Ocean. One of these flows easterly along the northern coast of Alaska, 
through the Arctic Archipelago, finally reaching the Atlantic Ocean through Davis and 
Hudson straits. The other starts in the neighborhood of Herald Island, northwesterly 
from Bering Strait, and thence flows northwesterly, passing to the north of New 
Siberia; thence to the north of Franz Josef Land and the Spitzbergen Islands, and 
through Denmark Strait to and around Cape Farewell. Therefore these currents are 
near together when north of Bering Strait and again when in the vicinity of southern | 
Greenland. 

Some evidence of the American current may be cited. The ships Advance and 
Rescue, of the first Grinnell expedition, were for a while carried northerly in Wellington 
Channel by the drifting ice; but when near the northern end of the channel the current 
reversed, and thereafter they were carried southerly and easterly through Barrow Strait, 
Lancaster Sound, Bafhn Bay, and Davis Strait, to latitude 65° 30’ N., where they got 
themselves free from the ice. The amount of southeasterly drifting measures about 
I ooo nautical miles, and required a little more than six months, extending from Novem- 
ber, 1850, to June, 1851. This gives an average rate of 5 miles per day. 

In May, 1854, the British ships /ztrepid and Resolute were abandoned off the 
western end of Barrow Strait. The Resolute was picked up off Cape Mercy, in the 
south end of Davis Strait, in September, 1855. During these 16 months 1 100 miles 
were covered, making an average rate of 214 miles per day. 

Strong easterly currents are encountered in Fury and Hecla Strait and in Bellot 
Strait. 

Northeasterly currents off the northwestern coast of Alaska have been noted by 
Captain Collinson, and easterly currents along the northern coast by Captain McClure. { 








* Vol. XV (1904), pp. 255-261. 
¢ Collinson: Journal of H. M. S. Enterprise, edited by his brother, pp. 137-142. 
¢ McClure: THe Discovery of the Northwest Passage, edited by Osborn, p. 71. 
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Collinson noted an eastern set in Dease Strait far to the east,* and McClure found a 
large quantity of American pine, almost certainly from the Mackenzie River, drifted 
into Prince of Wales Strait.f | 

McClure Strait is constantly filled with ice, probably coming in chiefly from the west. 

The existence of the current far to the north of Russia is pretty well established by 
the drifting of the steamship /eannette from Herald Island to a point northeast of New 
Siberia, where she was crushed in the ice, and by the subsequent drifting of some papers 
and clothing from the sunken vessel across the polar sea to Julianehaab, near Cape 
Farewell. The Jeannette was frozen in the ice September 6, 1879, and was crushed June 
12, 1881, having made good a distance of 600 miles. During the last five of these 21 
months much more than half of all the distance made good was covered, and during the 
last 26 days almost one-sixth. The relics were picked up in 1884, or three years after 
the sinking of the boat, having gone a distance of at least 2 goo miles. (See Fig. 24.) 

Before undertaking his famous voyage in the Aram, Nansen adduced, as further 
evidence of this current, the finding on the coast of Greenland of an implement which 
almost certainly came from the Alaskan Eskimos in the vicinity of Bering Strait; also 
the prevalence of driftwood on the Greenland coasts and the north coast of the Spitz- 
bergen Islands, the species indicating that a large portion of this wood came from 
northern Siberia. 

The voyage of the “vam verified his previous calculations in a remarkable manner. 
That vessel became fast in the ice at a point northwesterly from New Siberia, September 
22, 1893. It thence drifted to a point north of the Spitzbergen Islands, having passed 
about midway between Franz Josef Land and the "North Pole. It was released from 
the ice June 14, 1896, thus having drifted for 33 months, the distance made good being 
goo miles. At the beginning of the drifting the rate of the current was a little more 
than half a mile per day, and increased to 1 mile near the end. 

Having established the existence of these two prevailing surface currents, and 
noting that both eventually flow to southern Greenland, the question arises as to why 
the Jeannette did not drift almost due north instead of bearing off to the west. The- 
Fram went almost directly toward the eastern coast of Greenland. It is true that after 
the loss of the /eannectte Commander De Long and his party found themselves on ice 
drifting rapidly northward. As already noted, the last 26 days’ drifting of the boat 
covered abont one-sixth of the entire distance. These facts suggest a broad strait north 
of Bennett Island, beyond which is the corner of a large tract of land dividing the deep 
Arctic channel traversed by the “vam from the shallow sea through which the Jeannette 
drifted. The final accelerated rate and northward direction of De Long’s drift seem to 
indicate proximity to this strait. 

This sea extends from Bennett Island to Banks Land. It is about 30 or 4o fathoms 
deep along the track of the /eannette, and perhaps from 100 to 200 fathoms west of 
Banks Land, where it is known as Beaufort Sea. 

That land probably extends to the north of Beaufort Sea can be inferred from the 
fact that the ice found here is very old, the sea seeming to have no broad outlet through 
which the ice can escape, as it does north of Siberia. The openings to the east are long 





* Collinson: L. c., p. 291. t Richardson: The Polar Regions, p. 232. 
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and rather narrow channels. This does not argue against a tolerably broad expanse of 
water extending westward, for the currents setting eastward prevent the ice from escap- 
ing to the west. It seems probable that land, continuous or nearly so, must extend far 
westward from off Banks Land, for this supposed land and the eastward currents might 
well explain why it is that the ice never recedes far northward from the northern coast 
of Alaska nor westward from Banks Land. 

Osborn thus speaks of the ice encountered by McClure in Beaufort Sea: *‘‘ Ice of 
stupendous thickness and in extensive floes, some 7 or 8 miles in extent, was seen on 
either hand; the surface of it not flat, such as we see in Baffins Strait and the adjacent 
seas, but rugged with the accumulated snow, frost, and thaws of centuries.’’* 

Such are the arguments for the existence of a tract of land extending from near 
the northwest corner of Banks Land, or from Prince Patrick Island, to a point north 
of New Siberia, based upon the drifting of the ice on the one hand and upon its age 
and comparatively slight movement on the other hand. 

Let us next consider what are the indications from the tides. In the first place, the 
tide at Point Barrow is semidiurnal in character, with a mean range of 0.4 foot, the 
flood coming from the west. This can not come through Bering Strait, because the 
tide immediately south of the strait has scarcely one foot range, with a large diurnal 
inequality, and at a short distance north of the strait, at Pitlekaj, where the lega 
wintered in 1878-79, the range of the semidiurnal tide was carefully measured and 
found to be only o.2 foot. Whence comes the Point Barrow tide? It can not come 
from the north or east, because all observers agree that the flood comes from the west, 
and that it is high water on the western side of the point considerably earlier than on 
the eastern.t De Long's party made careful observations upon the tide at Bennett 
Island, and these show a range of 2 feet. Such a range, diminished by the broadening 
of the shallow sea to the east of this island, might well be reduced tothat found at Point 
Barrow, provided one considers that the range generally diminishes off headlands and 
capes. On the other hand, if no land exists north of Point Barrow, how can the tide 
there be much less than that found at Bennett Island, and how can the flood come from 
the west? For practically all of the Arctic Ocean tide is derived from the Atlantic, 
chiefly through the Greenland Sea, and without land near the Pole one of these stations 
would be reached about as well as the other. 

The reasons for not drawing the boundary straight from the Bennett Island corner 
to the Banks Land corner, but deflecting it to the south, are, first, the apparent neces- 
sity for such a bend in order that the direction of the flood may better accord with 
observation, and that the times of the tides of northern Alaska may be consistent with 
those at Bennett Island, and, second, the small north-and-south movement of the ice 
north of Alaska indicating that the sea is here probably narrower than it is farther west, 
or north of Siberia. 

In the extreme north this land can not extend much beyond the Pole toward Franz 
Josef Land, because this would undoubtedly have there caused a bend in the track of 





*McClure: L. c., p. 83. 

+Thomas Simpson: Discoveries on the North Coast of America, 1836-1839, pp. 161, 162, 167. 
Accounts and Papers, Navy, vol. 42 (1854), p. 162. Lieut. P. H. Ray: Report of the International 
Polar Expedition to Point Barrow, Alaska, p. 678. 
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the Fram’s drift. Furthermore, the undiminished range of tide at Bennett Island per- 
haps indicates that the Nansen channel does not greatly broaden at the Pole. 

Between this supposed land and the islands recently discovered by Sverdrup may 
be other islands, forming a continuation of the Arctic Archipelago and separated from 
one another by channels of moderate depths, or perhaps this land approaches the Gar- 
field Coast and Grant Land. At any rate, the range of tide diminishes from 2 feet at 
Cape Sheridan to 114 feet at Northumberland Sound, Penny Strait, and Lockwood and 
Brainard judged the tide to be small at Greely Fiord. These indicate that the access 
of the tide from the north is not altogether unrestricted; in fact, part of the tide at 
Northumberland Sound comes from the east through Belcher Channel. 

We come now to another question. <A few tides have been observed along the 
northern coast of Alaska by the explorer Thomas Simpson.* They show that the tide 
on the outer coast occurs nearly simultaneously from Point Barrow to Camden Bay and 
Simpson Cove. But as the international boundary line is approached a great change 
takes place; the tide at Demarcation Point, not 100 miles farther east, is about seven 
hours later in its time of occurrence. Observations arenot sufficient for showing how 
this change takes place, but it certainly occurs. A few tides in Mackenzie Bay and 
eastward were observed by Captain Richardsont and Commander Pullen.t The set of 
the flood along the outer coast is given as easterly for all points where it has been observed 
from Point Barrow to and beyond Cape Bathurst; but such observations are very meager, 
probably on account of the smallness of the tide. This would seem to preclude the pos- 
sibility of the principal part of the tide coming from the north or east; hence the prob- 
able approach of the polar land to Banks Land, or to Prince Patrick Island, or to Grant 
Land. 

Suppose an island about roo miles in diameter to be separated from the coast by a 
shallow strait about 75 miles wide in its narrowest part. By assuming that deeper 
water exists to the west of the strait and island, and that the tide comes from the west, 
it seems possible to account for the sudden change in the time of tide; for the main 
wave, going north of the island, would control the time of the tide to the northeast of 
it, and deep water west of the island and shallow strait would cause the tide at Camden 
Bay and westward to occur remarkably early, just as if this coast were at the head of a 
deep, suddenly terminated canal extending northwesterly. 

Immediately eastward from this supposed strait both Simpson§ and McClure|| found 
that the waves became more like those upon a sea of some magnitude, and the latter, 
sailing a little north of east, found the depths to rapidly increase from g to 32 fathoms, 
and soon to 195 with no bottom. | 

Now the question is, Why this more sea-like appearance unless some huge obstruc- 
tion lies immediately to the west? It may, of course, be partly due to the open water 
caused by the influx of the Mackenzie. 











* Simpson: Discoveries on the North Coast of America, 1836-1839, pp. 115, I17, 121-123, 132, 138, 
161-162, 167, 178, 183. 

f Richardson: Arctic Searching Expedition, pp. 144, 154, 157-160, 169, 175. 

¢ Pullen in Reports on Arctic Expeditions, 1852, pp. 35, 38, 40, 51. 

¢ Simpson: L. c., p. 176. 

| McClure: L.c., p. 82. 
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It will be of interest to note that several Arctic authorities have at various times 
suspected or inferred the existence of land near the Pole. Richardson says: 
The Eskimos of Point Barrow have a tradition, reported by Mr. Simpson, surgeon of the //over 
[in 1832], of some of their tribe having been carried to the north on ice broken up in a southerly gale, 
and arriving, after many nights, at a hilly country inhabited by people like themselves, speaking the 
Eskimo language, by whom they were well received. After a long stay, one spring in which the ice 
remained without movement they returned without mishap to their own country and reported their 
adventures. Other Eskimos have since then been carried away on the ice, and are supposed to have 
reached the northern land, from whence they have not as yet returned. An obscure indication of 
land to the north was actually perceived from the masthead of the //over when off Point Barrow.* 


On August 15, 1850, Captain McClure, anchored off Yarborough Inlet, about half 
way from Point Barrow to Demarcation Point, writes: 

The packed ice to-day, as far as the eye can reach, appears solid and heavy, without a drop of 
water discernible. The refraction has been considerable, giving to the edge of the pack the appear- 
ance of a continuous line of chalk cliffs, from: 4o to 50 feet in height. From the light shady tint, 
which, in different parts of the pack, is distinctly visible, I should be inclined to think that there may 
be many of the same kind of islands as those we have met with, extending to the northward, and 
impeding the progress of the ice, thereby keeping this sea eternally frozen.t 


Captain Collinson, who wintered at Simpson Cove, 1853-54, actually undertook 
a sledge journey, in the spring, northward, one object of which was to see if land 
would not be reached. The roughness of the ice caused him soon to abandon the 
project. He writes: 

I therefore returned, and with sorrow gave up an attempt which * * * TI had looked forward 
to with much interest; thinking that, with anything like a favorable road, I should reach 73° north 


latitude, and settle the question with regard to the open sea, which certainly does not appear to exist 
here in the same manner as it does to the north of the Asiatic continent. { 


In 1873 Admiral Sherard Osborn read a paper before the Royal Geographical Society, 
in which he predicted the existence of an archipelago or land extending from near 
Prince Patrick Island up very near to the Pole and thence to Wrangell Island, thus 
forming the northern boundary of a nearly inclosed sea.$ 

A probably less happy prediction was made by Petermann, who contemplated land 
extending northeasterly from Greenland, thence across the Pole to Wrangell Island. 

Sir Clements Markham is quoted as having said, in November, 1896: 

Personally, as I do not believe in any land near the Pole, or on this side of it beyond Franz Josef 
Land, I trust an attempt will be made to explore another portion of the Arctic regions. I believe 


there is land, probably in the form of large islands, between Prince Patrick Land and the New Siberia 
Islands. || 


Prentiss discredits there being much land north of Bering Strait, but his reasons 
for so doing can hardly be regarded as convincing. 

The following quotation is from a paper by Marcus Baker, in volume 5 of the 
National Geographic Magazine, entitled ‘‘An Undiscovered Island off the Northern 





* The Polar Regions, p. 240. 
¢ McClure: L. c., p. 81. 

{ Collinson: L. c., p. 312. , 
§ Clements R. Markham: The Threshold of the Unknown, pp. 216-224. 
|| Prentiss: The Great Polar Current, p. 105; see also p. 19. 
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Coast of Alaska.’’ He suggests that the supposed land be called Keenan Island. The 
following statements are there furnished by Capt. Edward P. Herendeen, who for many 
years was engaged in whaling: 

It is often told that natives wintering between Harrison and Camden bays have seen land to the 
north in the bright, clear days of spring. 

In the winter of 1886-87, Uzharlu, an enterprising Eskimo of Ootkeavie, was very anxious for me 
to get some captain to take him the following summer, with his family, canoe, and outfit, to the north- 
east as far as the ship went, and then he would try to find this mysterious land of which he had heard 
so much; but no one cared to bother with this venturesome Eskimo explorer. So confident was this 
man of the truth of these reports that he was eager to sail away into the unknown, like another Colum- 
bus, in search of an Eskimo paradise. : 

The only report of land having been seen by civilized man in this vicinity was made by Capt. 
John Keenan, of Troy, N. Y., in the seventies. He was at that time in command of the whaling bark 
Stamboul, of New Bedford. Captain Keenan said that after taking several whales the weather became 
thick, and he stood to the north under easy sail, and was busily engaged in trying out and stowing 
down the oil taken. When the fog cleared off, land was distinctly seen to the north by him and all 
the men of his crew; but, as he was not on a voyage of discovery and there were no whales in sight, 
he was obliged to give the order to keep away to the south in search of them. The success of his 
voyage depended on keeping among whales. 

The fact was often discussed among the whalemen on the return of the fleet to San Francisco in 
the fall. The position of Captain Keenan's ship at the time land was seen has passed from my mind, 
except that it was between Harrison and Camden bays. 


It will be noticed that these statements would place the island a little to west of the 
position shown in Fig. 24.* 


47. Character of Arctic tides. 


An inspection of the tidal forces (Fig. 1, Part IV A) shows that the semidiurnal 
equilibrium tide, even if possible, would be very small, because the forces vanish at the 
pole. Again, the dimensions are probably such that no free period of the tide is 
approached. For these reasons the semidiurnal tide observed in the Arctics must be 
almost entirely derived from other waters. The cotidal lines indicate that nearly all of 
the disturbance producing the Arctic tides acts through the waters of Greenland Sea. 
The small mean range of tide (0.2 foot at Pitlekaj) and the smallness of the diurnal 
wave at Point Barrow show that the influence of the Pacific extends but a very short dis- 
tance northward from Bering Strait. The shallowness of Barents Sea prevents its influ- 
ence as a channel of transmission from being of much consequence to the east of Franz 
Josef Land and Nova Zembla. In fact, it 1s probable that the tides around northern 
Nova Zembla are derived from the wave north of Franz Josef Land. (See Figs. 23, 25.) 

The northern half of the North Atlantic system (e. g., western Europe and 
southern Greenland and Iceland) possesses a good phase inequality which has an ‘‘age’’ 
generally of about 30 hours along the outercoasts. Inthe Arctic the phase inequality 
is of asimilar character, with an age varying from 30 to 60 hours.t The tropic range 
of the diurnal wave is about 2 feet for the Arctic Archipelago, diminishing toward the 
west, and about 0.3 foot for Franz Josef Land and Bennett Island, and scarcely 0.2 
foot for Point Barrow. 


* Since this appendix was prepared the writer has noted in a paper read before a section of the 
Eighth International Geographic Congress that the small diurnal tides at Pitlekaj and Point Barrow 
furnish additional evidence of a large tract of land near the North pole. 

t+ Part IV A, 2 97, Nos. 6-25; also Part IV B, 2 19, Nos. I0II, 1030, 
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48. Greenland Sea branch. 


From the north end of the North Atlantic system where the range is large (the 
mean range at Reikiavik being 10 feet) the disturbance acts through Denmark Strait. 
A smaller disturbance comes chiefly from the loop off Portugal, passing up the outer 
coast of Ireland, Scotland, and Norway. The result is that the tide is about simultaneous 
over the deep Greenland Sea, having a range at Jan Mayen of 3 feet. The tide proceeds 
from this sea toward the Lena Delta, probably at a rate due to depth. The mean range 
is 2.0 feet at Cape Sheridan and at the southern part of Bennett Island. Northeastern 
Franz Josef Land is a turning point of the tide and beyond which the sea suddenly 
widens; the range of tide at Teplitz Bay is only 1.0 foot. The tide is of about this mag- 
nitude on the southern coast (at Cape Flora) probably because the wave passing between 
Norway and the Spitzbergen Islands is reduced in amplitude in the northern part of the 
somewhat expanded Barents Sea. From Bennett Island toward Alaska the wave 
proceeds at about the rate due to depth, the range diminishing because of the breadth 
and shallowness of the intervening waters. Judging from the few tidal observations 
made along the northern coast of Alaska and eastward, and which have already been 
referred to, the tide appears to progress in an easterly direction somewhat as shown in 
Fig. 26. Ifthe assumption of a hypothetical island separated from Manning Point by 
a shallow strait is correct, it is probable that nearly all of the tide between Cape Bathurst 
and Dolphin and Union Strait, is due to the wave passing north of the island. At 
Coronation Gulf the semidiurnal tide practically disappears. At Cambridge Bay, Dease 
Strait, the tide is felt and doubtless comes from the east.* The flood in Prince of Wales 
Strait has the appearance of setting northeasterly. + 

Having traced the tide from Greenland Sea to where it disappears at Coronation 
Gulf, it will now be well to note that one branch of probably considerable width passes 
north of Greenland, causing a tide of 2.0 feet at Cape Sheridan, the same wave going 
southwesterly produces the rather small tides at Greely Fiord, the western coast of 
Ellesmere Land, and among the islands to the west. The range of tide at Northum- 
berland Sound is 1.5 feet, a part of which doubtless comes from Jones Sound through 
Belcher Channel.{ Another branch from the main channel passes around the north- 
eastern corner of Franz Josef Land, producing tides in the Yenisei Gulf, Gulf of Ob 
and the Kara Sea, the tide being in general small, probably about 1 foot on the outer 
coasts, but less up the gulfs and rivers. 

The tides of the White Sea are worthy of note. At the southern end of the 
entrance the time of tide changes rapidly—from IX to XII—in a very short distance. 
The north side of the sea is much deeper than are the gulfs of Archangel and Onega on 
the south side; the tide in the former locality is nearly simultaneous, but there is pro- 
gression in the gulfs. The range of tide is probably about 3 or 4 feet. 

A great crowding together of the cotidal lines appears to occur in the strait between 
Kolgoniev Island and Kanin Peninsula. 





ea i ree 7 


* Thomas Simpson: Discoveries on the North Coast of America, pp. 267, 288, 289, 357, 363. Capt. 
Richard Collinson: Journal of H. M. S. Enterprise, p. 291, also map opposite p. 153. 

+ Capt. R. McClure: The Discovery of the Northwest Passage, edited by Osborn, p. 197. 

t{Capt. Sir Edward Belcher: The Last of the Arctic Voyages, Vol. 1, p. 105. 

Collinson: L. c., map opposite p. 255. 

Accounts and Papers, Arctic Expeditions, Vol. 25 (1855), pp. 118-120. 
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It is probable that the small tide in the Gulf of Ob progresses at the rate due to 
depth. 

No tidal data for the coast of Siberia, extending from the Yenisei Gulf to Pitlekaj, 
is available, and so the cotidal lines for this coast are only conjectural. 


49. Baffin Bay branch. 


We come now to the Baffin Bay branch of the Arctic tides. This covers much less 
area than does the Greenland Sea branch, but the amount of the rise and fall is in general 
much greater. The waters south of Davis Strait, in Davis Strait, and in Baffin Bay are 
characterized by a stationary wave, but everywhere there is a considerable rise and fall. 
The cotidal lines are crowded together in the northern portion of the strait and spread 
apart in the northern portion of Bafhn Bay. 

A stationary strait wave exists in Robeson and Kennedy channels, Kane Basin 
being the body of greater range and Lincoln Sea the body of smaller range. The mean 
range for Kane Basin is nearly 8 feet, for Fort Conger 4.3 feet, and for Cape Sheridan 
2.0 feet. The fact that the tide at Cape Sheridan occurs about 114 hours earlier than at 
Kane Basin proves that the tide of Lincoln Sea comes from the north. The known 
tides of this locality gave strong evidence in favor of Greenland being an island some 
years before that fact was practically established by Lieutenant Peary.* 

The Greenwich time of tide for Kane Basin is a little more than III, the cotidal 
hours increasing toward this body both from the south and from the north. 

The range of tide at Cumberland Sound is unexpectedly large, the mean value 
being 15.9 feet for Kingua Ford and 14.7 feet for Ananito Harbor. 

The tide progressing up Lancaster Sound soon divides, one part going westerly 
through Barrow Strait, the other going southerly through Prince Regent Inlet. The 
former produces the tide in Wellington Channel, Melville Sound, Franklin Strait, 
McClintock Channel, James Ross Strait, Victoria Strait, Dease Strait, and probably 
Coronation Gulf; the latter, the tide in the Gulf of Boothia. 

The tides of Fox Channel are produced by the Hudson Strait tides. They appear 
to be amphidromic, so that the flood goes northward on the east side and southward on 
the west. The cause is probably the sudden eastward trend of the coast of Fox Land 
at Capes Dorchester and Willoughby,which turns a wave of large amplitude toward the 
northeast. The geography is but imperfectly known on the east side of this channel, 
and no tides or depths have there been measured. 

In the straits of Fury and Hecla,t Bellot,{ and Simpson§ the tidal streams are 
strong, because the tides at either end generally differ in range and in phase. 








* KB. Bessels: Scientific Results of the U. S. Arctic Expedition, C. F. Hall commanding, Vol. 1, 
pp. 85, 86. 

Capt. Sir G. S. Nares: Voyage to the Polar Sea, 1875-6, Vol. II, p. 356, Appendix by Rev. S. 
Haughton. 

Lieut. A. W. Greely: Report U. S. Expedition to Lady Franklin Bay and Grinnell Land, p. 699, 
Appendix by A. S. Christie. 

tJournal of Parry’s Second Voyage for the Discovery of the N. W. Passage, pp. 319, 336-7. 

tMcClintock: Franklin and his Discoveries, pp. 181-3. 

§Simpson, 1. c., p. 365. 
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50. References to Arctic tidal observations and discussions. 


Winter Harbor, Melville Island.—Journal of a Voyage for the Discovery of a 
Northwest Passage, 1819-20. London, 1821. 

Winter Island, B. A.; and Iglovlik, B. A.—Appendix to Parry’s First and Second 
Voyages. London, 1824. 

Hudson Strait; Fox Channel; and Fury and Hecla Stratt.—Journal of Parry’s 
Second Voyage for the Discovery of the Northwest Passage, 1821-23. London, 1824. 

Port Bowen, Prince Regents Inlet.—Journal of Parry’s Third Voyage for the Dis- 
covery of the Northwest Passage, 1824-25. London, 1826. 
. Assistance Harbor, Barrow Straits,—Journal of a Voyage in Baffin Bay and Barrow 
Straits, 1850-51, under command of Wm. Penny. Sutherland. London, 1852. 

Port Foulke, and Rensselaer Harbor.—Smithsonian Contributions to Knowledge, 
Vol. 13 (1863). 

Frederiksdal, near Cape Farewell,—Philosophical Transactions of the Royal Society 
of London, 1866. 

- Northumberland Sound, Northern outlet of Wellington Channel; Refuge Cove, 
Wellington Channel; Port Kennedy, Bellot Strait.—Philosophical Transactions of the 
Royal Society of London, 1875. 

Polaris Bay.—Scientific Results of the U. S. Arctic Expedition, Steamer Polaris, 
Hall, Commanding. Bessels, Washington, 1876. 

Port Kennedy, Bellot Strait,—Philosophical Transactions of the Royal Society of 
London, 1875. 

Cape Sheridan, Grinnell Land.—Narrative of a Voyage to the Polar Sea in H. M. 
Ships Alert and Discovery. Nares. London, 1878. 

Cape Emma, Bennett [slaiid.—Voyage of the Jeannette, Vol. II. De Long. Bos- 
ton, 1883. 

Ananito Harbor, Cumberland Gulf.—Professional Paper No. XI, U. S. Signal Serv- 
ice. Sherman. Washington, 1883. 

Point Barrow, Alaska.—Report of the International Polar Expedition to Point 
Barrow. Ray. Washington, 1885. 

Kingua Fjord, Cumberland Sound.—Die Internationale Polarforschung, 1882-1883, 
Vol. I. Berlin, 1886. 

Jan Mayen Island.—Die Internationale Polarforschung, 1882-1883, Vol. I. 
Vienna, 1886. 

Pitlekaj, Northeastern Siberia.—Vega—Expeditionens Vetenskapliga Iakttagelser. 
Stockholm, 1887. 

Godthaab, Greenland.—Observations Internationales Polaires, 1882-83, Vol. II. 
Copenhagen, 1886-9. 

Fort Conger and vicinity.—International Polar Expedition. Report on U.S. Expe- 
dition to Lady Franklin Bay, Grinnell Land. Greely. Washington, 1888. 

Teplitz Bay, Franz Josef Land.—Osservazioni Scientifiche eseguite durante la Spe- 
dizione Polare di S. A. R. Luigi Amedeo di Savoia, Duca degli Abruzzi, 1899-1900. 
Milan, 1903. 


CHAPTER VIII. 
THE SEMIDIURNAL TIDES IN THE PACIFIC OCEAN. 


51. Character of Pacific tides. 


Upon referring to the chart of diurnal systems (Fig. 24, Part IV A) it will be seen 
that large diurnal tides can not originate in the South Pacific, and observations show 
that the diurnal inequality is comparatively small in these waters. 

The two systems for the semidiurnal tide have been described in §§ 74, 75, Part 
IV A. 

By referring to Fig. 6 it will be seen that there are three principal amphidromic 
regions, the positions of the no-tide points being taken as 30° 24’ N., 141° 25’ W.; 14° 
7144'S., 153° 13’ W.; and 51° 30’ S., 172° 10’ W. The first lies between California 
and Hawaii, at the intersection of two nodal lines; the second, northwest of the Society 
Islands, near two nodal lines and a free boundary; the third, southeast of New Zealand, 
near a free boundary. 

‘Some progression is inherent in the overlapping of the systems, as has been pointed 
out in § 15. This applies to the first amphidromic region mentioned, especially to the 
coast of Lower and Upper California, and also to the second. 

But openings in the coast line have a widely spread influence. Important open- 
ings are between Cape Horn and the South Shetland Islands; between the Peninsula 
of Alaska and Kamchatka; through the Kuril Islands; between Japan and Formosa ; 
between Formosa and Luzon; through the Sulu Archipelago; between New Zealand 
and Australia. 

The shoaling found to the north and northwest of New Zealand, together with the 
Fiji and neighboring islands and North Island, New Zealand, form an imperfect bound- 
ary which gives rise to westerly and southwesterly progressions. 

The central portion of the American coast line is farthest removed from openings 
of this description. Hence it is not surprising to find no progression toward the waters 
off Panama and Colombia, and very little up the Bay of Panama. We find what would 
be expected, viz., small progressions outward from the vicinity of the Galapagos Islands. 

The following are localities of rapid change of time of tide, due to the fact that 
regions having good ranges but different times of tide lie near each other: Coast of 
Peru, connecting the Panama loop to the loop at Chile; western coast of southern Chile, 
connecting the loop at Chile with the Cape Horn loop; straits through the Aleutian 
Islands, connecting the northern Pacific and Bering Sea. (See lemma 25.) 

Owing to the great extent of the Pacific Ocean, the large number of islands, and 
the considerable variations in depth, it is not difficult to believe that forces of slightly 
different periods may be responded to by modes of oscillation quite different in some 
cases. The land boundaries here are not sufficient for necessitating one particular mode 
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of oscillation for both the lunar and solar forces; there are many chances for the por- 
tions of the sea best responding to the lunar forces to annex or discard neighboring 
masses of water which islands and shoals may partially define. (See § 47, Part IVA.) 
Hence we can not generally infer by the equality of S,/M, or S,°—M,° at two distant 
loops that the loops form or do not form parts of the same system. Of course between © 
neighboring places either of these quantities will generally vary but little. The ratio 
S, M, for the -Pacific is, as a rule, less than the corresponding ratio of the forces. The 
cases where it is greater, like Tahiti * and Mazatlan, are so near the nodal lines that 
they little affect the generality of this rule; they simply indicate that the modes of the 
solar oscillation do not exactly agree with those of the lunar, and so at the nodal 
line of the lunar tide there might exist a sensible solar tide. Even Japan is too near to 
a nodal line for having the fact that S,/M, there approaches its theoretical value 
seriously affect the generality of the rule. 

On the other hand, the ratio S, M, is unusually small at Wellington, Port Russell, 
and Port Chalmers, New Zealand, and even at Apia, Samoan Islands. 


52. From the Galapagos Islands to Cape Horn. 


The change of tidal hour from the Panama loop to the Chile loop, and thence to 
the Cape Horn loop, has been noted in the preceding section. But the law of the 
change is influenced by the antecedent wave made necessary by the progression through 
the strait south of Cape Horn. (See Figs. 6, 27, 28, 30, 41.) 

In the deep water surrounding the Galapagos Islands the tidal hour is a trifle less 
than VIII, but amongst these islands it is a trifle more than VIII. The tidal hour 
changes rapidly along the coast of Peru. 

In latitude about 28°, on the Chilean coast, the time of tide appears to be about an 
hour earlier than in latitude 23° or 24°. This anomaly is probably due to the direc- 
tions taken by the tidal streams of the oscillation and the progressive wave, causing a 
dependent stationary wave at the first-mentioned locality; lemma 32, case 4. In latitude 
about 41° there is a crowding up of the cotidal lines at the coast. This is a species of 
turning point of the tide and is to be regarded as analogous to a cape guarding the 
entrance to a broad bay; lemma 28. The direction of the tidal streams—say 100 or 
more miles offshore—are, at this latitude, probably nearly parallel to the shore instead 
of being normal to it, as an early tide requires. The crowding up of the cotidal lines 
near the western end of Magellan Strait is explained in a similar way. 

In Corcovado Gulf is a dependent stationary wave having a 12 or 13 foot range at 
the head. This produces strong currents (4 to 5 knots) in Chacao Narrows. (Cf. 
§ 106, Part IV A.) 

The range of tide is 3.0 feet at Valparaiso and 4.3 feet at Cape Horn. 

The axis of the southeastern half-wave length of the South Pacific system may be 
supposed to terminate in longitude 69° W. The theoretical tidal hour is VI at this 
Cape Horn loop. Now, superimpose upon this stationary wave an easterly progressing 
wave of equal amplitude and whose tidal hour is VIII ¢ at longitude 69° W. (§$ 3); 
the result will be the irregular progression shown in Fig. 6 along the axis of the area. 
Here A is taken as 84° of a great circle. 
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* See Ferrel’s Tidal Researches; also this manual, Part I, Fig. 17. t Lemma 21. 
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53. From Cape Horn to Uruguay. 


Upon referring to the chart of semidiurnal systems (Fig. 23, Part IV A), it will be 
seen that a loop of the South Pacific system has southern Chile and Graham Land for 
its eastern boundary. The intervening strait, constituting an opening in this boundary, 
causes a large wave to progress into the Atlantic. Fig. 29 shows that the disturbance 
thus transmitted produces the tide on the eastern coast of South America up to and 
including the tide in the Rio de la Plata. North of this river the tide becomes very 
small, especially at Rio Grande do Sul, and a crowding together of the cotidal lines is 
there necessitated in order to coalesce with the Brazilian tide due to the South Atlantic 
system. 

The tide occurs earlier on the southeastern coast of the Falkland Islands than else- 
where in this group. One branch of the tide swings around to the north, going rapidly 
in the deep water northeast of the islands. The other branch appears to progress 
slowly along thesouth coast. In reality this rapid change in the tidal hour is due to the 
fact that the times are here governed by the large tides between Staten Island and Port 
Santa Cruz. (See § 14.) The two branches are united into one off the western extremity 
of the group. The tide enters Falkland Sound from both ends and meets near the 
center. For most of the inland water between West Falkland Island and Pebble Island 
the tide progresses easterly, the larger opening being to the west. 

Three stationary waves, existing because the resultant flood is in certain localities 
largely directed shoreward, occur along the eastern coast of Patagonia. The head of the 
first extends from Magellan Strait to Port Santa Cruz. The length (to the 100-fathom 
line) may be considered as being close to 14 A, and therefore favorable to the production 
of large tides. The second includes the Gulf of St. George, with off-lying shallow 
water; its length lies between 4% A and %A. The third includes the Gulf of San 
Matias and immediate approach; its length lies between o and 4 A, but nearer to ¥/ A. 

The tide in the first is caused by the tide between the Falkland Islands and Tierra 
del Fuego. The shore line receding at Port Santa Cruz a progressive wave moves 
northward (lemma 19). This combines with a wave coming from the east, causing the 
tide which sustains the stationary oscillation in the Gulf of St. George. At Cabo del 
Sur, marking the northern limit of this gulf, the receding shore line gives a northward 
progressive wave. On account of the early arrival of the wave coming from the east, 
the resultant tide must change its tidal hour rapidly between this cape and Delagada 
Point, Valdes Peninsula. Similarly, the tide east of this peninsula sustains a large 
oscillation in the Gulf of San Matias and Port San José. Hence the greater range of 
tide on the north side of the peninsula and its connecting isthmus. At Point Raza the 
shore line suddenly recedes, giving rise to a northerly progression, which follows the 
shore line around E] Rincon until it meets the wave coming from the southeast. 

Thus we see the necessity for two wave eddies such as have been referred to in 
the latter part of § 13. It is probable that § 5.may be of some assistance in explaining 
them. 

The positions assigned to the no-tide points are 45° 18’ S., 63° 37’ W., and 40° 
55’ S., 60° 45’ W. 

The tide in the Rio de la Plata is a progressive wave, advancing at about the rate 
due to depth. Although this estuary is funnel-shaped and of decreasing depth, the 
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irregular shoals so impede the progress of the wave that the range of tide remains 
about constant. It is 2 feet at Montevideo and 1.8 feet at Buenos Ayres. Here the 
tide occurs eleven hours later than in the deep water off the mouth of the river. 

The range of tide in the eastern portion of Magellan Strait is about 30 feet; after 
passing the first narrows it is about 16 feet, and in Broad Beach, beyond the second 
narrows, 4 feet. The tidal streams in these narrows are strong and due to hydraulic 
effects, §$ 9, 105, Part IV A. ‘The tidal hour increases southward and westward. 
The hour increases from Froward Reach to Cockburn Channel along either end of 
Clarence Island and coalesces with that of the tide which progresses eastward through 
the strait between Cape Horn and Graham Land, thus completing a cycle of values. 
The branch of the tide which follows the strait proper from Froward Reach westward 
meets the tide from the west near the eastern end of Desolation Island. One branch 
of the tide from Froward Reach produces the tide in Otway Water. 


54. From the Galapagos Islands to British Columbia. 


The Panama loop of the North Pacific system, marked IX in Fig. 23, Part IV A, 
is made possible by the fact that the trapezoidal branch of this system has a loop not 
far away also marked IX. Hence by the latter part of lemma 25 the tidal hour for the 
intervening waters should be IX. ‘The Panama loop may, therefore, be described as 
having a large portion of its southern boundary latent (§ 29, Part IV A). Only at 
the extreme eastern end is there a rigid southern boundary. Observations indicate 
VIII instead of IX for the tidal hour of this loop. (See Fig. 30.) This discrepancy 
is probably due to the progressions (antecedent waves) setting out from this loop both 
southerly and northerly. 

Some inward progression occurs in the gulfs along this coast. How the tide is 
delayed at the mouth of a bay and how the far side of the mouth of a bay is sometimes 
reached as early as the near side have been explained under lemma 31, cases 3, 4. 

The nodal line terminating just above Acapulco is remarkably well defined both by 

the small range and remarkably sudden change in the tidal hour. 
The tide in the Gulf of California is chiefly stationary, although there is enough 
inward progression to prevent there being a no-tide point from which the cotidal lines 
would radiate. 

On account of the low latitude and the obstructions due to islands, the effect of 
the earth’s rotation in crowding together the lines on the Lower California side and 
spreading them apart on the opposite side is probably less marked than in the case of 
the English or Irish Channel. 

The range of tide at Mazatlan is 2.6 feet and at the head of the Gulf about 20 feet. 
Strong tidal currents due to hydraulic effects (§ 106, Part IV A) occur between Tiburon 
Island and the mainland. 

The progression along both Lower and Upper California is due to the overlapping 
of the two Pacific systems ($§ 15). 

The curved nodal line of the North Pacific system terminating at Point Arguello is 
obscured by a loop of the South Pacific system. From this cape northward to Alaska, 
the range of tide increases. It is 3.6 feet at Point Arguello and 7.7 feet at Sitka. 
Ranges varying from 10 to 15 feet are usual for the inner waters of Alaska. (See 


Figs. 32, 33.) : 
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The Gulf of Georgia, including the Juan de Fuca Strait, has a large stationary 
wave whose nodal line is near Discovery Island Light. There is, however, some 
progression, so that the influence of the earth’s rotation is to cause the cotidal lines to 
crowd together at the Vancouver end and to spread apart on the Washington side, 
where, as is usual in such cases, the range of tide is considerable. 

The tide entering Queen Charlotte Sound reaches the vicinity of Discovery Passage 
several hours before the time of tide in the upper end of the Gulf of Georgia. The 
range of tide in the first locality is somewhat larger than the range in the second. The 
hydraulic effect is a current in Seymour Narrows of from 4 to 8 knots (§ 106 and Fig. 
32, Part IV A). 

Upon referring to the table given under § 97, Part IV A, Nos. 215-219, it will be 
seen that the ratio S.M, for Mazatlan and near-by stations in Lower California is larger 
than the ratio of the corresponding forces. For all other parts of the Pacific coast of 
America from Cape Horn to Bering Strait the tidal ratio is less than the ratio of the 
forces. 


55. Alaska and Bering Sea. 


The north angle of the large triangle forming the greater part of the North Pacific 
system is bounded for a considerable distance by the coast of Alaska. Ip §74, Part IV 
A, it was pointed out that the range of tide should here be large and that its 
theoretical hour should be not far from IX. Upon referring to the charts of cotidal 
lines, Figs. 31, 33, we see this to be the case. The chart covering lower Alaska, Fig. 
33, shows that the tides in the numerous canals seldom occur more than half an hour 
later than do the tides outside. The range, however, is considerably increased. These 
facts show that the tide in these canals consists largely of a stationary wave a moder- 
ately small fraction of a wave length long. (See also § 91 and Fig. 32, Part IV A.) 
The small difference in both time and range of tide throughout these canals and straits 
prevents the tidal streams from becoming as violent as the large range of tide and the 
peculiar formation of the coast might indicate. But hydraulic effects are not altogether 
wanting; in Clarence Strait, northeast of Prince of Wales Island (Fig. 33, Part IV A) 
the tidal current is 5 knots. Strong currents are likewise found in Sergius Narrows, 
Peril Strait. ‘Throughout most of the canals and straits tolerably strong currents are 
necessitated for carrying in and out the large tidal volumes. 

The large tides in Cook Inlet probably indicate that the virtual length of this body 
is about 1% A. 

The diminution of range of the Pacific tides experienced in going west from the 
Gulf of Alaska indicates the existence of a nodal line farther on. But the Bering and 
Okhotsk seas are bodies of water which permit extensive progressions, and so it is not 
strange to find an antecedent wave as far east as the Gulf of Alaska, and to find the 
nodal line off Rat Islands much obscured in consequence. 

The tides of Bering Sea are derived from those of the Pacific. (See chart of 
soundings, Fig. 19, Part IV A, and chart of cotidal lines, Fig. 34, Part IV B.) 

The Gulf of Anadir, although shallow, is characterized by a stationary wave, and 
so by nearly simultaneous tides. 

Between St. Lawrence Island and Alaska the tidal hour changes rapidly and the 
range diminishes in going northeasterly through this strait. 
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At the mouth of the Yukon River the range of tide is 1.4 feet; 60 nautical . 
miles up the river, the range is 0.4 foot. 

Norton Sound is an amphidromic region, the no-tide point being about 1{ A from 
the head of the sound. Without the deflecting force of the earth’s rotation, this body 
of water would constitute a dependent fractional area with a nodal line running nearly 
north and south. But this deflecting force, on account of the narrowness of the sound, 
causes the water to pile up on the south side and to recede from the north side when 
the eastward motion across the nodal line prevails. The reverse is true for the west- 
going stream. On account of the relatively large diurnal wave in Norton Sound there 
is generally but one high water per day when the moon is far from the equator. 

Around St. Lawrence Island-the time of the tide probably assumes all values, as 
shown on the cotidal chart, but no observations for establishing this supposition are 
available. The range of tide is probably about 1 foot at the east end and somewhat 
greater at the west end. 
| The range of tide in the deep water south of the Pribilof Islands is about 2 feet; 

but the extensive shoaling and favorable configuration of the shore line cause the range 
to become 20 feet near the heads of the estuaries terminating Bristol Bay. There is 
undoubtedly considerable tide in Kuskokwim Bay. 

From the Peninsula of Alaska westward to Umnak Island are numerous passages 
leading from the Pacific to Bering Sea. Through these the time of tide changes rapidly. 
The tidal streams are swift, particularly in the narrow passes, and are, in the main, 
hydraulic effects (§ 106, Part IV A). The range of tide is much greater on the south- 
ern side of these islands than on the northern side or in the passes. 


56. Lslands of the North Pacific. 


The cotidal charts covering this region are Nos. 31, 35, 36. 

The progression for waters lying easterly and northerly from the no-tide point 
situated between California and Hawaii has just been explained as being due to the 
overlapping of systems in the one case and the broken northwestern boundary of the 
Pacific in the other. The question now arises as to what may produce a southerly 
progression for the waters lying to the west of this point. By referring to the chart of 
systems it will be seen that north of this point is a region marked IX and south- 
southwest of it one marked XII. But XII or o combined with III, which number 
covers a very wide region, gives an intermediate value, say 1%. We should therefore 
expect to find a change from IX to 1% for the western side of the amphidromic region, 
especially if there exists a favorable progressive wave in the vicinity of the nodal line 
west of the no-tide point. Such a wave is the antecedent wave moving toward the Fiji 
and New Hebrides Islands and involved in the progression caused by the shoaling and 
openings north and northwest of New Zealand, where the rise and fall of the South 
Pacific system is considerable (Fig. 20, Part IV A). It extends northeasterly to and 
even beyond the Hawaiian Islands, giving to the tides of all intervening waters a 
tendency to progress southwesterly. 

South of the no-tide point is a region over which the time of tide changes but little, 
that time being between I% and II, which is, of course, intermediate between XII and 
III. In this region progressive waves, if felt at all, are small in comparrison with the 
resultant stationary wave. 
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West of the Hawaiian Islands a general westerly progression is apparent because of 
the small range of the stationary wave over the extensive region marked III on the chart 
of systems. This is caused in part by the antecedent wave just referred to, but chiefly 
by similar waves entrained by the tides of the Sea of Okhotsk and the Yellow and 
China seas. In the western angle of the North Pacific triangle (between the Philip- 
pines and Guam) this progression is no longer apparent, partly because of the directions 
and limitations of the antecedent waves and partly because the range of the stationary 
tide becomes great as the angle of the triangle is approached (§ 27, Part IV A). 


57. From Kamchatka to Japan. 


The tides at Petropauloysk, although not differertt in character from the tides of 
British Columbia and Alaska, have some historic interest because they were observed as 
long ago as 1828 and found to possess a large diurnal inequality, especially in the low 
waters. 

Very little is known of the tides in the Sea of Okhotsk and comparatively few 
soundings have been made. 

The tide is probably large in gulfs of Jijiginsk and Penjinsk; the range for the 
western and northern shores of the sea is probably 7 or 8 feet. 

Upon referring to Fig. 23, Part IV A, it will be seen that a nodal line passes 
through the Caroline Islands just east of the Ladrone Islands and terminates off the 
eastern coast of Japan. On account of the progression up the Yellow Sea, and into the 
China Sea, it is probable that the northern end of this nodal line will be somewhat 
obscured by the antecedent wave. However, Fig. 36 shows a sufficient crowding up 
of cotidal lines to prove the existence of a nodal line. The fact that the tide reaches 
the eastern coast of the Philippine Islands within less than an hour after the time it 
reaches Guam, and that the range in the former locality is several times greater than in 
the latter, shows clearly the existence of a nodal line and loop. 

Along the eastern coast of Japan to about the latitude of Tokyo the range of tide 
is about 2 feet. Going thence westerly along the coast the range continually increases, 
being 6.2 feet at Nagasak1. 

The tide, entering from the south, progresses up the Inland Sea as far as the most 
northern point of Sikok Island, where it is met by the tide from the northern entrance. 

The tidal hour changes rapidly from IX % to I'% and from X to I% in the southern 
and northern straits, which connect this sea with the northern entrance, or Kii Channel. 

The tide reaches a point on the eastern coast of Kiusiu Island remarkably early 
for reasons given under lemma 32. 

The tide which progresses westerly through Bungo Channel coalesces with that of 
Korea Strait a short distance west of Simonosek1i. 

The tides in the Sea of Japan are caused mainly by the disturbance acting cnrough 
the Strait of Korea, where the cotidal lines are amphidromic. It is high water nearly 
simultaneously over the southern half of the sea, and this happens at about the time 
of low water for the southern end of the strait. The case is one of a tidal body pro- 
ducing tides in a nearly tideless sea. Hence § 35, Part IV A, the greatest inward 
velocity occurs three hours after high water at the south end of the strait. Theextreme 
south end of the sea being narrow, the deflecting force of the earth’s rotation causes it 
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to then be piled up along the Japanese coast, while it recedes from the Korean coast. 
The reverse occurs on the outgoing stream. 

The table given under § 97, Part IV A, and continued under § 19, Part IV B, 
shows great activity on the part of the Japanese in observing and analyzing tides. The 
ratio S, M, has here generally about its theoretical value; but as the nodal line is not 
far away, the value of the ratio here can not be expected to compare closely with its 
value in other parts of the system. 


58. Philippine Islands and China. 


The cotidal chart of the Philippine Islands, Fig. 37, shows that the tidal hour for 
the Pacific coast of these islands is about IX. 

The tide of the Celebes Sea is almost simultaneous with the tide east of the islands. 
The tide is delayed and its character somewhat altered in passing through the Sulu 
Archipelago into the Sulu Sea. 

In passing through the channel north of Luzon the tide is much retarded. Over 
the deeper portion of the China Sea the tide is nearly simultaneous and the range small. 
Somewhat similar instances to this are Denmark Channel and the basin extending 
thence to Spitzbergen, also the strait south of Cape Horn and the deep waters towards 
South Georgia and the Sandwich Group. As the tide enters the China Sea it is delayed 
at the coast of Luzon, lemma 28, and the cotidal line becomes nearly parallel to the 
western coast of Luzon and Palawan. 

Which part of the tide comes directly from the Pacific and the Celebes Sea and 
which part from the China Sea can be seen upon the map. It will be noticed that the 
tide ranges of Sulu Sea comes mainly from the south. By observing where bracketed 
occur, localities which at times have but one high water daily can be inferred. 

In the southern part of San Jacinto Strait the time of tide changes suddenly from 
X¥% to II, and in San Bernardino Strait from IX ¥% to II. 

The tide passes up the Yellow Sea at nearly the rate due to depth. Between 
Shantung Promontory and Korea there 1s some crowding together of the cotidal lines. 
By lemma 28 the northern shore of Shantung Promontory should have very late tides, 
and observations at Wei-hai-wei show that such is the case. _ (See also § 14.) The 
wave advances northwesterly through the waters connecting the gulfs of Pechili and 
Liaotung, to the northwestern shore near the terminus of the Great Wall. One branch 
passes northeasterly up the Liaotung Gulf; the other follows the western and southern 
shores of the Gulf of Pechili, finally coalescing with the incoming waves, thus forming 
a wave eddy (§ 13). 

The chart of cotidal lines (Fig. 36) shows the range to be generally large for the 
eastern coast of China, and especially for the western coast of Korea. The range at 
Wei-hai-wei is, however, only 4.5 feet. 

Some observations made upon the bore of the Tsien-tang Kiang are shown in Fig. 
19, Part I.* 

Lemma 28 applies to the northern and southern ends of the island of Formosa, and 
the cotidal lines finally become parallel to the sides of Formosa Strait. 











* This bore is described by Prof. G. H. Darwin on pp. 59-71 of his book entitled ‘‘ The Tides and 
Kindred Phenomenon in the Solar System.’’ 
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In passing up the Gulf of Tonkin the small semidiurnal tide from the China Sea 
becomes very small toward the head of the gulf, while the diurnal tide suffers no such 
diminution. The tide here is of historic interest, having been observed by Francis 
Davenport and discussed by Dr. Edmund Halley and Sir Isaac Newton.* 

From the deep portion of the China Sea an extensive progression extends to Singa- 
pore and to the Gulf of Siam. This gulf causes an increase in range as Bangkok is 
approached.t The progression to Singapore coalesces with that of the Strait of Malacca 
and continues southeasterly for a short distance along the coast of Sumatra. At Banca 
Island it turns east, and reaching Borneo turns northerly, finally coalescing with the 
incoming tide. This is a species of wave eddy, mentioned in § 13, whose period requires 
24 instead of 12 hours. It resembles the one occupying the greater part of the North 
Sea. It is probable that for considerable distance around the no-tide point the range of 
tide is very small. 

The tides of Gillolo Passage, Molucca Passage, and Macassar Strait are shown in 
Figs. 7, 36. They coalesce with the Pacific tides at the northern ends of the passes. 
In case of the first two some crowding up of the lines is required, wile the northern por- 
tion of Macassar Strait is characterized by simultaneous tides. (See S$ 35, 102, Part 
IV A.) 

By means of a large-scale chart of soundings the apparently irregular arrangement 
of the cotidal lines in the Banda and Java seas are easily accounted for, at least in a 
general way. The tide progresses westerly in the Java Sea because the range of the 
ocean tide upon which it depends is large near the loop and small near the node of 
the North Indian system. 


59. Islands of the South Pacific. 


The sequence of tidal hours around the no-tide point near the Society Islands can be 
obtained from the following considerations: According to the loops of the oscillating 
systems (Fig. 23, Part IV A), east of the point the hour should be IX; north of the point 
it should be I and II; west of the point it should be VI; south of the point there should 
be little or no tide. The antecedent wave involved in the progression resulting from 
the shoals and openings north and northwest of New Zealand indicates that uorthwest 
of the no-tide point there is a progressive wave moving southwesterly. Southwest of 
the point is a sector over which there is little progression, as the tidal hours for the 
Samoan and the Hervey or Cook Islands go to show. South of this point the range of 
tide is small, but an eastward progression is necessitated because the tidal hour for the 
Cook Islands is VI while for Rapa or Oparo Island it is IX'% and for Tahiti between 
Xand X¥%. East of the point there is a northward progression, as observation made 
in the Low Archipelago and on the Marquesas Islands prove. Observations made on 
the Marquesas, Caroline, and Penrhyn islands prove a westerly progression to exist north 
of the no-tide point. Northeast of the point, the change in tidal hour is very slow, as 
might have been inferred from the chart of systems. All these considerations agree in 


* See 34 85, 88, Part I. 

t Since Fig. 36 was drawn, new constants for several places in Cochin China have become ayail- 
able through the French colonial tide tables for the year 1904. They indicate that the tidal hours for 
Nha-trang and vicinity should be increased by an hour or more; also, that between Cambodia Point 
and Hatien the tide is much delayed in accordance with 2 7. 
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giving an amphidromic region similar to the one shown in Fig. 38. The position of 
the no-tide point is quite accurately fixed by the known tides at Tahiti, and Tonga-reva 
or Penrhyn islands; at these two places the range is small, and when it is high water 
at the one it is almost low water at the other. 

It may be well to note that no observations appear to have been made for the 
central portion of the loop marked IX. 

The tides at Pitcairn, Henderson, and Ducie islands would probably be little influ- 
enced by those not belonging directly to the system. 

Between Easter Island and Sala-y-Gomez a rapid change takes place in the tidal 
hour. This crowding up of the cotidal lines is due to the proximity of a nodal line 
modified by the wave antecedent to the Cape Horn eastward progression. 

The Kermadec, New Hebrides, Fiji, and Ellice islands all lie at or near the western 
loop of the South Pacific system. Their theoretical tidal hour is VI. However, the 
southwesterly progression started by the imperfect character of the outer boundary of 
this loop has the effect of making the number of the hours increase southwesterly. 

The tide on the southwestern coast of New Caledonia occurs 2 hours later than on 
the northeastern. (Cf. lemma 28.) 

In going westward from the Gilbert and Ellice islands to the northern coast of 
New Guinea the range of tide continually decreases, indicating approach to the nodal 
line which passes just east of the Ladrone Islands. 

The progression from the Marshall and Gilbert islands through the Solomon 
Islands, thence across the Coral Sea to the Australian coast, seems to be the result of 
two neighboring regions having tides at different hours. In the first region the tidal 
hour is about V and in the latter IX. Thus the tide in the Coral Sea comes from both 
the north and the east, the tide from the east being the controlling factor. 

The extreme shallowness of Torres Strait prevents the Pacific tide from exerting 
much influence on the tides in the Gulf of Carpentaria. 


60. New Zealand and eastern coast of Australia. 


The westward and southwestward progression resulting from the imperfect support 
of the western loop of the South Pacific system constitutes the tides along the eastern 
coast of Australia and in the adjacent waters. One portion going southwesterly 
through the broad passage between New Zealand and Australia has the effect of pro- 
ducing, with the aid of the South Indian system and the XII loop of the South Pacific 
system, a region south of this passage over which the tides are nearly simultaneous. 
The progression extends completely around New Zealand, the portion found east of 
North Island being an antecedent wave. The tidal hours thus form a complete cycle 
of values (§ 14). 

The tidal hour at the south end of Cook Strait isIV%. The hour increases in going 
northward to X on the southern shore of North Island and to IX near Cape Farewell, 
where it meets the tide progressing down the western coast of the islands. The range 
at the south end of the strait is considerably less than at the north end. ‘The motion 
in the strait is largely a stationary oscillation. The maximum velocity occurs about 
3 hours after the maximum surface slope through the strait. (Cf. §§ 11, 35, 102, 
Part IV A.) In many parts of this strait there are strong tidal currents. 


400 _ COAST AND GEODETIC SURVEY REPORT, 1904. 


A no-tide point southeast of New Zealand appears to be required for the following 
reasons, although its exact location is, of course, doubtful: Observations show a sequence 
of hours, I to VI, to the west and northwest of the assumed point. To the north there 
must be a crowding together of cotidal lines because of the proximity to a nodal line. 
For the Chatham Islands the tidal hour is IV'% and for Rapa or Oparo, near the loop 
marked IX on the chart of semidiurnal systems, it is IX 4, indicating that the tidal 
hour increases in going northeasterly from Chatham Islands. East of the point the 
theoretical considerations indicate that the tidal hour must be XII (Fig. 23, Part IV 
A). Hence the southeasterly increase from IX% to XII. This change is probably 
helped along by the antecedent wave of the Cape Horn progression. To the south 
must be a wide sector of nearly simultaneous tide, because observations made at Auck- 
land and Campbell islands, west of the point, give a tidal hour but little different from 
the theoretical tidal hour southeast of the point. 


61. References to observations and discussions of Pacific Occan tides. 


General reference.—Tide Tables by the Admiralty. 

Cape Horn.—Mission Scientifique du Cap Horn, 1882-3. 

South America and neighboring islands.—Voyages of the Adventure and Beagle, 
Appendix to Vol. IT. 

United States of America, Alaska, Hawatian Islands, Guam, and Philippine 
Islands.—Coast and Geodetic Survey Tide Tables and Coast Pilots; this manual, 
table under § 97, Part IV and § 19, Part IV B. 

British Columbia.—Reports of the Survey of Tides and Currents in Canadian 
Waters, 1901, 1903. 

Japan, Korea, and China.—Comptes-Rendus de 1’ Association Géodésique Inter- 
nationale, 1goo. 

China.—Proceedings of the Royal Society of London, Vols. 45, 71. 

Rawak [sland.—Voyage Autour du Monde, de 1’Uranie, Vol. II, Paris, 1826. 

Tahiti, —Coast Survey Report for 1864. 

Reise der Novara unter Wiillerstorfurbair, 1857-59. 

A ustralia.—Proceedings of the Royal Society of London, Vol. 71. 

Campbell [sland.—Passage de Vénus, Recueil de Mémoirs, etc, Vol. 2, Paris, 1878. 

Campbell Island and Gambier Island.— Annales Hydrographiques, 1901. 
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REPORT 1907 


MANUAL OF TIDES—PART V 


CURRENTS, SHALLOW-WATER TIDES, 
METEOROLOGICAL TIDES, AND 
MISCELLANEOUS MATTERS 


By ROLLIN A. HARRIS 





ee Google 


PREFACE. 


This paper, constituting the concluding chapters of a manual of tides, treats of a 
variety of matters more or less connected with the main subject. The other parts 
appeared in the reports of the Survey for the years 1894, 1897, 1900, and 1904. 

Chapter I treats of the motion of liquids, with special reference to the possible 
modes of flow and the nature of the resistance experienced. 

Chapter II considers in some detail the kind of resistance (dissipation) which 
practically controls the principal ocean tides. 

Chapter III is devoted to the discussion of shallow-water or river tides. Airy’s 
treatment of this subject is slightly extended and is compared with more recent work. 
The peculiarities of many tide curves are accounted for in this chapter, but others defy 
explanation. A conclusion is drawn as to the forms of estuaries from the known laws 
of friction. 

Chapter IV treats of the combinations of motions such as occur in connection with 
currents and tides. Special points styled ‘‘circular points,’’ or points where the tidal 
current never slackens, are described. 

Chapter V treats of the observation of currents and modes of reducing the observed 
data. | 

Chapter VI with the included maps, tables, and quotations contains most of the 
available information concerning tidal currents which seems likely to throw light upon 
the oscillations in oceanic basins. Observational data for the coasts of the United States 
are given in considerable detail. The greater portion of this matter has been worked 
up during the past two years. The connection between the observed tides and currents 
is, in many cases, pointed out and briefly explained. 

A few matters relating to marine engineering comprise Chapter VII. 

One of the principal aims of Chapter VIII is to point out the causes which produce 
the annual meteorological tides, and to briefly consider the causes of ocean currents. 

In Chapter IX the question of seiche oscillations is considered for both open and 
closed bodies. It appears from this discussion that regular oscillations observed even 
in small partially-inclosed harbors depend, as a rule, directly upon the dimensions of 
such harbors rather than upon the dimensions of the sea with which they are connected. 

Chapter X treats of lake tides, and shows from observations that Lake Superior 
very nearly obeys the equilibrium theory. 

Chapter XI is to some extent supplementary to the other parts of the manual, 
particularly to Part III. | 

As usual, the author has received assistance from other members of:the Tidal 
Division of the Survey in the preparation of the tables contained in and following the 
text. 
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MANUAL OF TIDES—PART V. CURRENTS, SHALLOW-WATER 
TIDES, METEOROLOGICAL TIDES, AND MISCELLANE- 
OUS MATTERS. 


By Ro.Luin A. HARRIS. 


CHAPTER I. 


FLOW AND RESISTANCE. | 


1. The flow of water in untform canals and pipes. 


Before about the middle of the last century it was commonly assumed that the 
greatest velocity of a stream should, except for the effect of winds, be found at the 
surface. Various assumptions were made as to the law of velocity decrease in going 
downward. Among the curves taken to represent the velocities were: A parabola with 
vertical axis, the vertex being placed beneath the bed of the stream; a sloping straight 
line; an ellipse; and a logarithmic curve. 

Raucourt (b. 1779, d. 1841) from observations upon the Neva believed that the 
velocities could be represented by the ordinates of a vertical ellipse whose minor axis 
lies a little below the surface and the lower extremity of whose major axis lies a little 
below the bottom of the river. When the river was frozen over, the maximum velocity 
was found to be a little below middle depth. 
| Boileau, about 1850, obtained from his measurements of the Mosel, at Metz, a 
parabola with horizontal axis along the surface, whose equation could be written 


u=.A — B82, 


z denoting depth below the surface, the measurements being taken in the main current. 
However, this equation does not apply to the part of the velocity curve above the line 
of maximum velocity where the velocities are assumed to follow another curve. Fora 
small canal in which he experimented, he found the maximum velocity to cccur below 
the surface from one-fourth to one-fifth of the water’s depth. 

From observations made on the Irrawaddy, Gordon found the line of greatest 
velocity to lie as a rule at one-tenth of the depth, and in a few cases at from two-tenths 
to four-tenths. 

The velocities change rapidly in going from the shore to the center of a stream. 
Humphreys and Abbot found that at Columbus, Ky., the velocities of the Mississippi 
River 5 feet below the surface vary according to the law of a parabola; also that— 

The parameter of the curve of velocities 5 feet below the surface at any stage is proportional to 
the square root of the corresponding mean velocity of the river. 
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From their measurements of the velocities of the lower Mississippi, Humphreys 
and Abbot drew the following conclusions: 

The velocities at different depths below the surface, in a vertical plane, vary as the abscissie of 
a parabola whose axis is the axis of .V and parallel to the water surface. 

The position of the axis in calm weather is about three-tenths of the depth below the surface, 
whatever be the mean velocity of the river. 

The effect of the wind, whether blowing up or down stream, is directly proportional to its force, 
in the former case lowering and in the latter raising the axis: Also, the amount of such lowering 
or raising is independent of the mean velocity of the river.* 


From their work it is evident that even if the wind had the velocity and direction 
of the stream the maximum velocity would still be found below the surface and at 
nearly three-tenths of the entire depth. This fact seems to oppose the theory that the 
resistance of the atmosphere is necessary for causing the position of greatest velocity to 
lie below the surface. 

Bazin assumes the velocity curve for a regular canal to be an ordinary parabola 
With its axis horizontal; he finds this to lie from o to 0.2 of the total depth below the 
surface for natural channels, and as deep as 0.35 for some artificial channels. f 

The relative velocities for different parts of the cross section of rectangular con- 
duits and open canals, also of open canals of trapezoidal, triangular, and semicircular 
section, are given by Darcy and Bazin on Plates XVITI-X XIII of their Recherches 
Hydrauliques. The velocity curves for a canal of rectangular cross section are roughly 
parabolic in both horizontal and vertical planes. When the canal is open, the parabolic 
velocity curve of the vertical plane has its vertex somewhat below the surface. Their 
experiments show that the air-resistance is not the most important factor in depressing 
the thread of maximum velocity. 

That considerable transverse motion occurs in a stream flowing along an open 
channel is obvious from the most casual observations made upon floating objects. That 
vertical motion also occurs is not so evident because of the difficulty in following water 
particles below the surface. 

In 1867 Mr. James B. Francis, at Lowell, Mass., experimented upon the cross flow of 
water currents in uniform canals by discharging whitewash at points near the bottom 
and noting when and how far downstream it would appear at the surface.t He says: 

Irom these experiments it appears that the water at the bottom of the streams came to the surface 


at distances varying from about ten to thirty times the depth, the shorter distances being in the canal 
of the least depth and inost uneven bed. 


But he also states that the whitewash continued to come to the surface for a con- 
siderable portion of the time which the part first appearing required in ascending from 
the bottom to the surface. 

Observation curves showing the manner in which the velocity diminishes from the 
center to the sides of canals with vertical sides are given by James B. Francis, on Plate 
XVII of his Lowell Hydraulic Experiments, and described in sections 207 and 208 of that 











- — = = peace ae oe, es 


*Report upon the Physics and Hydraulics of the Mississippi River, Philadelphia, 1861, pp. 
234, 243, 257, 262, Pl. XI. Velocity curves are given on PI. XI. 

t Encyclopedia Britannica, Vol. XII, p. 498. 

+ Transactions of the American Society of Civil Engineers, Vol. VII (1878), pp. 1og-113. See 
also remarks upon this paper, pp. 122-130. 


s 
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work. He notes that the velocity at any given point, or rather at any given part of 
the section, varies continually, although the mean velocity for the whole section remains 
sensibly constant. This-he attributes to an interchange of the currents. In a general 
way the velocity curves are parabolic. 

According to measurements made by W. E. Spear, the tidal currents in Boston 
Harbor have maximum velocities at considerable depths below the. surface.* The 
velocity curves resemble parabolas. 

If a stream be covered with ice, the maximum velocity lies one-third or more of the 
way down from the surface. For broken and tilted ice, this fraction may be increased 
to one-half or more. tf . 

Dr. E. C. Murphy draws the following conclusions from observations made at the 
hydraulic laboratory at, Cornell University. The canal is 16 feet wide, 10 feet deep, 
and 415 feet in length. | 

The thread of the maximum velocities is at the surface for depths less than 2 feet and unob- 
structed flow at the lower end of the canal. For depths of 5 feet or more and discharge checked at 
the lower end of the canal this thread is from 0.2 to 0.4 depth below the surface, the mean for 21 
experiments being 0.31 depth. ° 

The position of the thread of mean velocity varies from 0.5 depth for small depths to 0.73 depth 
for larger depths. For the 31 experiments by the ordinary method of series C and D it is 0.64 depth 
below the surface. 


In ordinary streams where the depth varies from about 1 to 6 feet, the thread of mean velocity is 
about 0.6 [of the entire depth] below the surface. { 


For historical notices of the movement of water in canals, see Rtthlmann’s Hydro- 


mechanik (2d ed., 1879), section 121, and Chapter III of Humphrey’s and Abbot’s 
Report. | 


2. Cross-sectional velocity variation connected with the constant of resistance. 


Observation shows that the velocity is greatest along the axis of a canal and 
least near the sides and bottom. 

For simplicity, first suppose the canal so deep that the effect of the bottom may be 
neglected. Every elementary mass may be supposed to cross the canal while traveling 
downstream or onward a distance equal to g, on the average; the mass may not actu- | 
ally cross the stream while traveling this distance, but its transverse motions are such 
that so far as affecting the onward flow is concerned they may be supposed to give way 
to this hypothetical uniform crossing. For, the cross-sectional variation in velocity 
being a continuous and uniform function of the distance from the axis of the stream, 
all transverse motions of the particles will imply determinate losses of energy. As an 
element leaves the axis of the stream it loses a portion of its energy. In this way 
each element takes away (periodically on the average) energy from the energy of the 





* Report of the Committee on Charles River Dam (1903), pp. 387-466, Appendix by J. R. Freeman. 
+See Water Supply and Irrigation Paper No. 76, U. S. Geological Survey, ‘‘ Observations on the 
Flow of Rivers in the Vicinity of New York City,’’ by H. A. Pressey, Washington, 1903; also Paper 
No. 187, ‘‘ Determination of Stream Flow during the Frozen Season’”’ (1907), by H. K. Barrows and 
Robt. E. Horton. , 

_ } Water Supply ‘and Irrigation Paper No. 95, U. S. Geological Survey, ‘‘Accuracy of Stream 

















' Measurements,’’ by E. C. Murphy, Washington, 1904. 
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stream. The impacts of the elements set up rotations and other cross motions. ‘These 
rotations and cross motions are diffused throughout the liquid, and their maintenance 
against viscosity requires the expenditure of considerable energy, which is eventually 
converted into heat. They become apparent when lime water or other colored liquid is 
mixed with the water. 

The diminution in velocity shows how much energy per element is lost to the 
stream during an excursion of an element from the axis to one side and back again. 
If v, denotes the velocity at the center and v, at the side or bank, the energy which 
must be supplied to each unit mass while the latter travels a distance g in order to 


maintain the flow is 
I 
—v |), 
(4 :) (1) 


and so the average resisting force per unit mass ts 


L(at—t) (2) 


Now, it is found from observation that for moderately smooth walls ¢ is about 600 
where 6 denotes the breadth of the stream. The resisting: force per unit mass is 


therefore about 
I 
asi t-#) (3) 


The side resistances upon a slice of water one unit long, one unit deep, and of a 
width 4, may (§ 7) be written 








Pa y, 
2¢ arya 
v,, denoting the mean velocity over the section. 
This slice contains 6 cubic units and the mass is brs .". the resistance per unit mass 
spin 
is OF and so 
v—a 
Cr (4) 


120 7”, 


Assuming, for the moment that the velocity of a stream is greatest at the surface, 
and that the resistance due to the bottom is similar to that due to one side in the case 
just considered, it follows that 4 can be replaced by 2/ and that 2/’g is the average 
upward slope of an ascending element, } g being the -r-distance over which a particle 
placed at the bottom travels before reaching the surface. | 

In Francis's experiments 2/,g varies from one-tenth to one-thirtieth or less. 
This rapid ascension is in part due to transverse or upward motions of the particles in 
addition to the motion of the element as a whole. Moreover, for some of the particles 
2h’ q is considerable less than one-thirtieth. 
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3. Wave motion and flow in a vertical plane, the depth being uniform or nearly so. 


Suppose the horizontal displacement be assumed to be of the form 
—2 h—z™ 
x=[ 445"), +c(*;") i [F424 - 


Then because of the equation of continuity, 


dX, 0z_ 
dx dz 
the vertical displacement will be 


=| — Ast BS y+e! Ah 7) +. PRED toca, (6) 


A similar expression could have been assumed for the horizontal velocity and by 
making use of the equation of continuity, 





ou Ow __ 


ox dz 


y 


an expression similar to (6) would have been obtained for the vertical velocity. 

Now, it seems reasonable, and in accordance with common observation, to assume 
that the horizontal displacement or velocity has a factor independent of time and dis- 
tance. This amounts to assuming that the displacement or velocity has a factor depend- 
ing upon the depths alone; .°. ¢ (z, ¢) should be zero. Inasomewhat similar manner 
it can be shown that # (x, ¢) should be zero. Along the bottom of the sheet of water 
z=0. 32(or w) will there be zero, provided that either 


B=, ote =o or +, aa 
2 (7) 
etc., according as 2, 3, 4, etc., terms are assumed to occur in the brackets. 

In case « does not contain x+—that ts, 1n case the velocity of a particular thread or 
depth is the same at all cross sections of a uniform canal—then w (the x-axis coinciding 
with the nearly horizontal bottom) will be zero at all depths regardless of the nature 
of the z-function in the brackets. Hence it is kinematically possible to have at a given 
time and depth any constant velocity for all points situated at the given depth. But 
the constant velocities belonging to the other depths may differ in any manner whatever 
amongst themselves, or from the velocity belonging to the depth to which attention 
is directed. In reality the manner in which uniform flow can take place is limited 
or defined by the nature of the external and internal resistances. According to 
statements made in section 1 concerning the motions of the particles, the velocity in a 
broad canal should be a parabola whose vertex lies somewhat below the surface, unless 
the bottom is rough; 1n which case the maximum velocity may be at the surface. 

When F contains +, the simplest mode of flow is that where B=o, and where 
no further terms occur in the coefficients. This means that water moves in vertical 
slices, all of whose particles travel the same horizontal distance. This is evidently an 
impossible case on account of the resistance at the bottom. The next mode in order of 


ee ee BC 
simplicity 1s that where a's =o, and where no terms beyond the C-term occur in the 


coefficient. This may be styled the parabolic flow for reasons which will soon appear. 
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It is the simplest possible mode of flow consistent with a bottom resistance, and 

independently of the considerations of section 1, it would be the natural assumption to 
BCD 

take. ‘Tthe case where : ae 3 + i and where no terms beyond the D-term occur 

in the coefficient, may be styled parabolic flow of order three. 


h—z 
Let - jot and omit the terms beyond C; then | 


4+ Br+Cr | (8) 
is the coefficient of ‘the displacement. This may be written in either of the two forms 
3 
A+ B8Br— 5 er (9) 
or 
A—=Cr+Cr". (10) 


From =o, it follows that the maximum value of x corresponds to r= a The 


values of the coefficient of the displacement at the surface, one-third of the way down, 
and at the bottom are, respectively, 


A, 
Ap age aye 
ee gee vg 6 9 
B C (11) 
A+ B+ C=A-, ls a 


Consequently the maximum displacement or velocity exceeds the displacement or 
velocity at the bottom by four times the amount it exceeds that at the surface. 


For r=", the coefficient =A oie ey Be ee = (12) 
2 2 4 8 I2 


For => the coefficient= 4+ * B+3 C=A. (13) 


The average value of the coefficient =4 +7 +o= A, the surface value, or the 


value two-thirds of the way down. 
In case of the tides 


F(42,)=sin (at—lxe+a), 
OF (x,t) _ 


oe —lcos (af—/r+a), 


for a progressive wave: and 
F(x,t)= sin [(¢(2—.+)] cos (af+a@), 
OF (x,t) _ 


na —lcos [4(L—-+)] cos (at+a), 


for a stationary wave in a canal whose length is Z, the origin being taken at its mouth. 
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If « contains x, because the depth is subject to small gradua! changes, it can be 
shown that the simplest possible type of steady motion is that in which the velocity 
curve is a parabola with vertex one-third of the depth of the stream below its surface. 

Let wz and w be written thus, 


wa[ ato" T? +e 3) |s@. (14) 


o=[- EGP. (5) 


These satisfy the equation of continuity; z will vanish at the bottom if - i+{= = 0. 


Let 4 denote the average depth for a distance over which the depth changes by a a 
small fraction of itself. 2 1s supposed to be reckoned from the nearly horizontal 
bottom. The expressions in the brackets have nearly constant values at each cross- 
section of the reach considered. For another reach, 4 may have a sensibly different 
value. But in each case the simplest possible mode of flow is the parabolic kind 
referred to above. This will apply to reach after reach whose depth variations are 
everywhere gradual. Even if a stream in an earlier part of its course flowed over a bed 
not of the kind here supposed, the effects upon its flow will, later on, practically 
disappear and the parabolic mode of flow be finally established if the length of the 
stream over tolerably even bed be sufficiently great. As the observed velocity curve 
approaches in form a parabola of the second order, the depth of maximum velocity will 
approach 4A. 

As already noted, roughness of the bed, or a shallowing of the stream, throws the 
line of maximum velocity nearer to the surface. A channel broader at the top than at 
the bottom has its line of maximum velocity raised, and vice vers4 for one narrow at 
the top and broad at the bottom. 

See Darcy and Bazin: Recherches Hydrauliques, Plates 18-23. 


4. Kinds of resistance. 


If a solid be held in a fixed position while the adjacent liquid has a steady flow, or 
if the solid move while the liquid remains at rest, three kinds of resistance will gener- 
ally be experienced: skin friction, resistance due to impact, implying discontinuous 
motion, and generally some wave resistance. 

Viscosity proper—i. e., the force required to overcome the shear of the elements as 
one lamina moves over a neighboring lamina—will not be considered here, as it is prob- 
ably of little consequence. But its indirect effect is of great importance, as will 
presently be seen. A resistance (dissipation) described in the next chapter is a species 
of wave resistance. 


5. Skin friction as varying on account of the velocity. 


If an elementary mass of water move through or into a larger mass of water having 
less velocity than the given element has, the latter experiences a retarding force; some 
of the original energy will be retained in the element, some will be utilized in directly 
helping along. the neighboring particles, and some will be consumed, i. e., turned into 
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heat. The change of motion experienced is quite analogous to that resulting from the 
impact of inelastic bodies. 

For, imagine a long pipe or canal filled with very small elastic balls. Let the 
whole collection of them move forward because of gravity or pressure. If they 
impinge against an object, or if the size of the pipe suddenly change, the chance is 
very small that important rebounds, like those belonging to a single ball, will take 
place for a considerable portion of the mass of balls, because the forces resulting from 
the impacts are largely consumed in moving and rotating the particles among them- 
selves and in urging forward any balls which may lag behind in the rebound. Thus the 
aggregate of these assumed elastic balls behaves nearly like an aggregate of inelastic 
balls. With greater reason a liquid will so behave because the particles are indefinitely 
small. 

For perfectly inelastic bodies, 17’, 47’’, moving with velocities 2’, z’’ in the same 
direction, the velocity after their impact is 


M wtM" vo" 
M'+™" : 


because the quantity of motion remains unaltered. Now, if v7 and vw’ before impact be 
each increased 2-fold, so will be the.velocity after impact. Since the diminutions in the 
velocities of a large portion of the liquid, especially near a solid or solid boundary, may 
be considered as depending upon impacts, it follows that such diminutions in velocities 
probably bear nearly fixed ratios to the general velocity of the stream, whatever be the 
actual value of the latter, within tolerably wide limits. 

The average force imparted to the boundary walls when the velocity of an element of 


e * @ e e e hand s e > es I 
unit mass is reduced from its maximum value, 7,, to its minimum value, 2,, is Acie —0,') +s, 


where s denotes the distance along the stream between successive points of minimum 
velocity of the element as it pursues its slightly undulating or sinuous path. Assume 
that all motions are geometrically similar. Because of this assumption, when -z, 
becomes 7v,, v, will become zv,, while s remains the same as before. The energy in 
either case divided by the length of the path s is the average value of the resisting force 
acting upon the element. These forces are therefore to each other as 1 is to ”*. Hence 
the resisting force when two scales of velocities are employed is proportional to the 
square of the velocity, i. e. to the square of the initial velocity of the element, or 
velocity at a certain point in the cross section. 

Consider now a rigid body immersed in a uniformly flowing stream. Observations 
indicate that there is a film of water adhering to the body, otherwise there would be a 
slipping along the surface of the body. The influence of this film extends outward to 
a considerable distance in accordance with some law not well understood. A moving 
element enters the zone of retarded flow which forms a sort of cushion around the rigid 
body. For any symmetrical surface the impinging particles produce a dragging force 
upon the body, whose resultant effect acts in approximately the direction of flow. As 
has just been seen, this portion of the force of impact is proportional to the square of 
the velocity of the stream. But nothing here stated contemplates a comparison between 
bodies of different shapes or sizes. All that it is intended to show is, assuming the 
flows are geometrically alike for different scales of velocity, that what is commonly 
known as the skin friction upon a body is proportional to the square of the velocity. 
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This resistance arises from changes in the velocities of the moving liquid elements 
as they enter the field of influence of the rigid body. 

For the resistance due to impact and which does not imply changes in the magni- 
tudes of the velocities, see section 12. 


6. Skin friction as varying on account of the areas of the rigid boundaries. 


Suppose that we compare the resistance found in a given long pipe or canal with 
the resistance experienced in a pipe or canal whose cross section is similar to that of 
the former, but whose length and diameter or width are not the same as before. 

As already intimated, the resistance to a moving liquid involves what may be 
termed a misdirection of the particles, and that this in turn is primarily due to the 
.adhesion of a liquid film to the rigid boundary, to viscosity, and to sensible irregularities 
of the boundary. That is, because of the adhesion and viscosity, however small they 
may be, a deflecting force must exist (particularly near the boundaries), which sooner 
or later will cause the rapidly moving particles to enter regions of less onward motion 
and even to arrive so near the boundary that the motion becomes much diminished. 

It may be laid down as the fundamental property of liquid flow in long pipes or 
canals that each particle will in time occupy all cross-sectional positions of the stream 
from the axis to the boundary. For short pipes or canals the same tendency to 
exchange positions is going on, but particles may leave these conduits before experi- 
encing great transverse displacements. 

The question as to how viscosity and the presence of rigid boundaries can cause 
deflections of the particles need not be discussed. It may, however, be noted that since 
the side of a particle toward the axis of the stream is urged forward by the adjacent 
liquid while the side toward the rigid boundary is retarded, there must be a couple 
tending to produce rotation, such that the forward part of the particle is crowded toward 
the boundary. But the result when all particles are considered is sinuous flow. 

In a uniform pipe or canal the impacts of the forward-directed elements against 
those. moving slower produce a traction which is ultimately exerted along the boundary. 
The continuity of the liquid in a pipe or canal does, in a sense, prescribe the paths of 
the particles, and these paths may, in the long run, all be considered as alike in all 
respects. Now, whatever element is followed, it attains the maximum velocity near 
the axis of the pipe and later on loses this velocity and attains a minimum velocity 
near the bounding walls. 

If two long pipes have the same diameter but differ only in length, then, by what 
has just been said, the geometrical character of the flow in each is identical. For, the 
number of minimum velocities experienced by the elements in the two cases will be 
directly proportional tothe lengths, and the forces required to impart a given motion to 
the particles, which at intervals, regular in the long run, lose a certain part of their 
maximum velocity, must be proportional to the number of elements concerned. 

_If the pipes have the same length but differ only in diameter, it is reasonable to 
assume that the number of minima experienced by the particles in the two cases will 
be inversely proportional to the diameter. This will evidently be so if the motions are 
geometrically similar. 

The amount of matter to which the forces must impart velocities is directly pro- 
portional to the area of the cross section of the pipe. But the number of minimum 
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velocities experienced by the moving particle is inversely proportional to the diameter. 
Consequently the required force 1s directly proportional to the diameter. 

Hence it is reasonable to conclude that the resisting force or drag upon the pipe (or 
bed of the canal) is directly proportional to the length of the pipe (or canal) and 
directly proportional to the diameter (or wetted perimeter); but the average resistance 
per unit of cross-sectional area is consequently inversely proportional to the diameter 
(or hydraulic mean depth). From what was shown in section 5 the resisting force is 
directly proportional to the square of the velocity (1. e., scale of the velocities). 

Since the direct effect of viscosity is assumed to be negligible, and since the flow 
in the same body under different conditions is assumed to be geometrically similar, it 
follows that the diminution in velocity, or the loss of head, is independent of the pres- 
sure under which all motions take place. For, the differential pressure required to 
produce a certain scale of velocities 1s the same, whatever the general or atmospheric 
pressure, because it is consumed in the same way (i. e., to the same advantage) in 
accelerating the water particles. Experiments made with water pipes buried at various 
depths, and Coulomb’s experiments with an immersed pendulum disc, the apparatus 
being under the receiver of an air pump, all indicate that the general pressure has no 
effect upon the resistance. From what has just been said, this indicates that the 
motions of the water particles are geometrically similar. 

It is here convenient to regard as a fundamental type of skin-frictional resistance 
that which occurs when a thin board of considerable length is placed lengthwise in a 
large, uniformly-flowing stream. Moreover, for a given fluid, only velocities falling 
within certain limits will be considered. 

It may be postulated as a law derived from observation that in some unknown 
manner a very thin fluid film clings to the solid with such tenacity that moving adjacent 
particles can not impart motion to it, and that this stationary film influences the motion 
of the fluid to considerable distances from the solid. This conception in part explains 
the fact that for most rigid and tolerably rigid surfaces the amount of resistance for 
like velocities and dimensions is approximately the same per square unit. But it 
increases somewhat with the roughness of the boundary surface. 

The amount of this resistance (force) can be approximately represented by 


roe 
ae 


where A= resisting area, y the heaviness of a cubic foot of the fluid, and so y/g= the 
density. ¢’is an abstract number, supposed to be constant for a body of given shape, 
and to remain nearly the same where the size of the body varies. 


7. Numerical values for skin-frictional resistance. 


Let /=resistance per square unit; then 
Fate” or Cor. | (16) 
: 2 2 
Using the foot as unit, this becomes 


ty __Y y 
== ———- OF Cl So a I 
64.3444 64.3444 17) 
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For pure water, sea water, and air, y may be taken as 62.4 pounds, 64 pounds, 
and 0.08 pounds, respectively; then 3 


F=0.9698 627, 0.9946 C’v*, 0.00124 CO’ 


¢’=1.0312 Fv, 1.0054 Fv’, 804.305 Fv (18) 


The value of ¢’ for a smooth surface is approximately 0.004 in all three fluids. 
Since Fis a force per unit area, it follows that the dimensions of ¢’ are zero in time, 
length, and mass, provided the exponent equals 2; but if the exponent 2 be replaced 
by 2, then the dimensions of ¢’ become 


MT *L*-n, 
"It will be noted that the dimensions of / must be 
ML™"T- 


for all the values of 2. 
If we are dealing with only one liquid or fluid, as water, the resisting force per 
unit area may, for convenience, be written 


Pao" vw". (19) 
where 6” =@’ a For water, y' (2 g) =0.9698; or €”=0.9698 ¢’. 


The values of €’ and ¢”, from various authorities, for several kinds of resisting 
surface, are given below, together with values of / for a velocity of 10 feet per second | 
according to Froude:* 


Varnished surface........... €’=0.002§8 €'’=0.00250 F=0.25 lb. 

Painted or planed plank..... €’=0.00350 §&’=0.00339 

Surface of iron ships........ €’=0.00362 €'’=0.00351 

Fine sand surface......... _»-&'=0.00418 €'=0.00405 /=0.40 lb. 

New well-painted iron plate. .€’=0.00489 §€'’=0.00473 

Coarse sand surface......... 6’=0.00503 &’=0.00488 

Beds of streams............. ’=0.007565 Depends on size and form of cross section. 

Iron pipes .......-.-+.--.-- €’=0.0075 Depends ondiameter of pipe and velocity of 
flow. 

For air ........--.2 2c eee €”=0.00124 ’. 


According to experiments made by Prof. A. F. Zahm, 
F=0.000 006 71 v1. 


Since the dimensions of y are 47 L~*7~? and of g, M°LT~’, it follows that the 
dimensions of €” are ML-'-"7T"~’, 





* Weisbach: Mechanics of Engineering, Vol. I, pp. 867, 965. Unwin: Encyclopedia Britannica, 
Vol. XII, pp. 482, 483. Bovey: Hydraulics (1901), p. 124. 
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8. Uniform flow impeded by skin-frictional resistance. 


To find the relation between velocity and slope of an indefinitely long pipe or 
channel of uniform cross section. 

If the slope is uniform, the pressure at the two ends of a moving elementary slice 
will be equal; i.e.,@f =o. A resisting surface of unit area exerts a retarding force 
equal to #. If m units of volume stand upon this area, or rather have this area as 
lateral boundaries, the force of gravity will drive the slice of water forward with the 





force ym hh here denoting fall and / length. - - for uniform motion 
Faia 26 ae (20) 
rf 2" 
, ue h ’ 
or G oem ; ~Slope=z, (21) 
_ 2gmh 
and yn — ery" (22) 
In a pipe, m=4r, | (23) 
jue 
slope=€ oe (24) 
ie (25) 
of 


In a broad channel, #=the depth; also 
pr 


slope=¢ ere (26) 
2gm h 
i aa /. (27) 


In general m denotes the hydraulic mean depth. 
As @’ is known to depend in a measure upon the velocity, it has sometimes been 


replaced by g(at2). Hence the dimensions of a are M°/.—' 7? and of 6, 7° L°T. 


Consequently, to turn a, expressed in meters, into values expressed in feet, we must 
divide by 3.28083; 4 remains the same in both systems. 


F=(at! ye! = ym, (28) 


the height corresponding to the loss through friction may be written, 
h=(a't'+ Br), (29) 
; 5 
if €’ be replaced by g(a’ +F ), where a’ =, p'= 


In case of a pipe, d=diameter= 4m. 
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The formulas of Prony, Eytelwein, and d’ Aubuisson, for long tubes are 


h= (0.001 39322*-+.0.00006932) »» 
l 
h=(0.0011 2132+ 0.00008947) 5 


h= (0.001370 +0.00007532) 
if the meter is the unit of length, or 


h= (0.000424652*-+0.00006930) 

h= (0.000341 77?*-+0.00008942) 5» 
: i 

h= (0.00041 7580" +0.00007537) 5» 


the mean being (0.000394677* + 0.00007 807 ) 


251 


(30) 


(31) 


if the foot isthe unit. These coefficients divided by 4 give a’, A’, and by 2,4, 6. C’isof 


the form g (at”). 


It is to be especially noted that the € used by Weisbach in pipe formule is by 
definition four times ¢’ used throughout this paper, and so the numerical values in Vol. 
I, § 429, of his Mechanics must be divided by 4 in order to make them comparable with 


the above ¢’’s or with his own € when used in connection with streams. 
The relations 


ee 
F=§ v3 grt =ym- 


when applied to long tubes, give 
Fal (0.000 394 677*-+-0.000 0780v) 4 


Y (0.000 098 67 2*-+0.000 019 § v), 
0.006 157 @ -+0.001 217 2, 


if y=62.4, and 
F= 0.006 315 % -+0.001 248 2, 
if y=64. 


Weisbach proposes as the value of €, at where 4 is of the form 
v 


BN 1 dv? 
(«+55 ) ae 


(32) 


(33) 


(34) 
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which implies that ¢’ takes the value i 3 (+5,) if A has the form 
v 


BN 1 v 
(4 Ls m 2g 
0.010 
Here a=0.0143 and f= | Ore according as the unit is the meter or the foot. 


For an open channel Prony and Eytelwein respectively find 


/ 
h= (0.000 094 277 ¥*+0.000 044 50 se (35) 
h= (0.000 III 415 %+0.000 024 265 oe, (36) 


the foot being the unit of length. These coefficients are a’ and f’. They are some- 
what greater than the a’ and /’ connected with pipes because of the considerable irregu- 
larities in stream beds. 
These values substituted in -=ymh// give 
F=0.005 883 7+0.002 777 7, (37) 
F=0.006 952 v*-+0.001 514 7, 
if y—62.4, and 
F=0.006 034 v?-+0.002 848 7, 
F=0.007 131 %+0.001 553 ?, | (38) 
if y= 64. 
Omitting the term in v to the first power in (35), (36), 
Wi =6.065 9160, 
4 mi=o.010 56 2; 
v= 102.99. mt, (39) 
v=94.74\ mi. (40) 
If ¢’ is assumed to so depend upon the hydraulic mean depth, m, that ¢’= 


f 1 (= F—C'7* a 
22 (aT) the equation y mi=F=F't oF 


mt 

ip | 
aus (41) 
the formula deduced by Darcy and Bazin for a channel of rectangular or trapezoidal 
section. Fora channel through earth, @=0.000 085 when the foot unit is used and 


0.000 28 when the meter; in either case f=0.000 35. 
Bazin’s formula (1897) is 


gives pee 








_ 157.6 ae 
4 (42) 
for feet, and 
p= —*7_. Jimi 


(43) 





_—— — ee 
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for meters, y’ is a coefficient, being about 0.1 for a smooth artificial surface, about 1.5 
for earth, and 3 or more for exceptionally rough channels. The corresponding values 
when the meter is used are 0.06, 0.85, and 1.7. 

In Ganguillet and Kutter’s formula @’ is taken to be a function of the cOUE REC 
of the channel, of the slope, and of the mean depth. 

Tadini’s formula is 

v=9gi mi (44) 

when the foot is the upit and 
v= 50,/mi (45) 
when the meter is the unit. : 

The following are a few references to formulz relating to the flow of water in 
pipes and canals: 

Julius Weisbach: Mechanics of Engineering, Vol. I, secs. 420-479. 

Humphreys and Abbot: Report on the Physics and Hydraulics of the Mississippi 
River (1861), Chap. V. 

Darcy and Bazin: Recherches Hydrauliques (1865). 

Greenhill and Unwin: Encyclopedia Britannica, Article, Hydromechanics (1881). 

James B. Francis: Lowell Hydraulic Experiments, 4th ed. (1883), secs. 177-246. 

Hamilton Smith, jr.: Hydraulics (1886), pp. 17-24, 195-198, 271-276. 

Ganguillet and Kutter: A General Formula for the Uniform Flow of Water in 
Rivers and Other Channels, translation (1889), pp. 1-76. 

Bovey: Hydraulics, 2d ed. (1901), pp. 123-144, 246-253. 


9. Bernoulli's theorem when friction ts taken into account. 


Equation (52), Part IV A, expresses that the energy of all kinds possessed by an 
element which passes a cross section in unit time is constant for any cross section. If 
to the second member be added the energy which this unit-time mass loses in going 
from the first cross section to the second, the equation becomes 


3 S=S, 
pr, +? 40, Gert V,)= pry, +? 4 0,( Sot He | re (46) 


S=S, 


where ds means Wo V=gh, and P denotes the wetted perimeter. This equation 


reduces to 
FPvds 


ye (47) 





P, SPs 
jae a Paar ; at = 
The last terms may be written Cyt - if / be put equal to = 


VY 
0 ¢ , and v denote 


average velocity. 
The same result can be established in connection with section 8, Part IV A. 
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Effective force =acceleration X mass of element =impressed force 
= — Odp—Oydz—$' Pads” y. 
2 


dp Py" 
oe a: parcel Se ce | Seen . 
vav— —£& gaz Oy 25 





S=S, 

vi— vf - [| Pv 

SZ afl atyanalte | a &. (48) 
S=S, 


PPO. iach 
The last term becomes Cy, s if vis the constant average value. 


A, 4 Ar, Mm. ,Pu 
pag Trey agree QD 2g" : (49) 
If 2 equal 2, and the initial velocity be zero, as when a pipe leads from a large tank, 
then 


ve 2 gh 


P? 
4 
(i+¢ oO 

This equation is of fundamental importance both for the flow of water through 
pipes and in open channels. 

In neither of the foregoing modes of establishing Bernoulli’s theorem with friction 
added is it supposed that the velocity is alike from axis to boundary. It may vary 
according to any law. ‘The velocity used in the formula may be the mean cross-sec- 
tional velocity, the axial velocity, or any other specified with reference to the cross 
section; for each case ¢’ will have a different value. Unless otherwise indicated, the 
mean cross-sectional velocity is understood to be the one associated with (¢’. 

If the pipe or channel consist of several parts which have different cross-sectional 
areas, a resistance term can be added in the denominator of (50) for each length. 
Moreover, for each bend or sudden change of cross section, a resistance term, depend- 
ing in a measure upon the slope and size of the stream, will occur. 





(50) 


10. Nonuntform flow impeded by skin-frictional resistance. 


If the cross section changes slowly, and if we assume the flow to be without fric- 
tional resistance, the case comes under Bernoulli's theorem without resistance terms. 

If resistance exists, a modification of the work just given will become necessary, 
because there the pipe or channel was assumed to have a uniform cross section for a con- 
siderable distance. This can be readily accomplished for a pipe of continually varying 
diameter. For it would only be necessary to divide the pipe into elements so short that 
the resistance for each could be easily ascertained, the relative velocities being known 
through the condition of continuity. If water flows in an open channel, it would still 
generally be possible to make an estimate of the velocities in a similar manner, provided 
we somewhere know the depth and velocity, and especially if we know the depth at two 
points a considerable distance apart and the velocity at one of them, or know the 
velocities at the two points and the depth at one of them. 
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If any filament of water in an open channel be considered, it is readily seen that 
the forces which drive along an elementary mass, gravity directly and pressure (gravity 
indirectly), are the same as the force along the surface, directly above the element and 
which is direct gravity alone, viz.,g cos ¢ per unit mass, where ¢ is the angle between 
the surface and the nadir. Consequently, in the motion of an element, the pressure at 
each end of the element may be regarded as one and the same; and so the pressure 
terms may be omitted from Bernoulli’s theorem. 

The differential equation thus becomes 


— ln PO 
vdv= —gdz—¢ at (51) 





and the same integrated between the limits s=s,, s=s,, becomes 


Vi—V, P 
sr *= ey (2;-2,) FOTO (52) 
Or by equation (87) PartIV A 
Oy ae 
“os £95 a 
7 Ya(U—%) = —g(2z,—2,) +k/vrds (53) 


where vz is a function of s. 
For any cross section the quantity of water passing in unit time must be constant. 
.*.Qv=constant 


d ad) a 
G7, (Ov) = 5+ 017 =0. (54) 


If 45 denotes the constant breadth of the surface of the stream and & its variable 
depth, then 


dQ. dh 


ds oats 


a (55) 


and so 
Qdv+ vbdh=o. 


Let —dz denote the fall of the surface in the distance ds, dh the increase in depth 
in the same distance, 7 the inclination of the bed, radian measure, taken as positive if 
the bed slope downward in the direction of the motion; then 


tds=dh —dz, 
and so the differential equation becomes 


»Po™ 
vdv=g(ids—dh)—€ 30 ds, 


OT 
vbdh : Py" 
at pe > og eee Pe 6 
v7) =8 (ids—dh) — Cds: (56) 
ah , 1—6 20 gt (57) 
ds! wb 


256 COAST AND GEODETIC SURVEY REPORT, 1907. 





Putting 2=2, 
i ah 
ds 
Ose pe ee (58) 
20g Og ds 
If the channel be of uniform depth as well as breadth 
dh 
de = 
and so 
ime 2 Oe (59) 


is the equation for steady flow along a uniform channel. 
Let “7 and V refer to the principal portion of the stream where the course is uni- 
form. Suppose the stream to be very wide in comparison with its depth. Then 


and from (59), putting 7=2, 
="Frp > ers (60) 





By integration s can be expressed in terms of 4 and ae The expression involves 


what has been styled the backwater function. 
When 2 is assumed to be very small, the sign of ss will depend upon that of the 


numerator. Consequently, if A>// the depth increases in going downstream from 
where the depth approximates // to where it equals 4, and according to the law involved 
in the above equation. Similarly for 4<H, the depth decreases in going downstream.* 


11. Resistance of impact. 


That portion of the force of impact which depends on the component of the 
centrifugal force of the moving particles can be easily seento vary as the square of 
the velocity if two different scales of woecky are romipated: 








*The following are a few reterences to the backwater or rémou; Bennett’s translation 
of D’Aubuisson de Voisius’ Treatise on Hydraulics (Boston, 1852), secs. 161-174; Rihlmann, Hydro- 
mechanik, 2d ed., under ‘‘Stauweite,’’ secs. 155-159; Merriman, A Treatise on Hydraulics, under 
‘‘Backwater;’’ Bovey, A Treatise on Hydraulics, 2d ed., secs. 13-17. 
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In computing this force, the velocity of a particle is supposed to be unaltered by 
the presence of the submerged object, although eventually it will be reduced in value, 
because after leaving the front surface of the object the particle moves obliquely to the 
general direction of the stream. 


12. lo find the dynamical pressure in the original direction of motion upon a curved 
pipe. 
The centrifugal force of a body of mass J7 moving with velocity 7 is 
fae 
p 9 


where p denotes the radius of curvature of the path. 


> 


eaemonve @ @eoeew we @& 2Zae2e2s72 -—® 
eo 





At a point / the centrifugal force of an elementary mass is au, and the compo- 


nent directed along the «-axis is 


; aM * sin 0. 
p 
s=s, 
ot 
Total force = p sin 0aM7, 
S=S, (61) 
s,—s,=1, dM= ud ds=pad, 
6=a 
hd 4 
.*. total force= ~ sin 6 M pdé, 
p l (62) 
6=0 
2 V7 
=F (1—cos @). 


12770-—07——I7 
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If the pipe had the velocity a, the total force would become 


ies el (1—cos @). 





because the water during its time of exerting pressure has an -rv-velocity of v—v 
relatively to the pipe. 


M=l1- area * density =/° area © 


.°. total force=(v—v’)* * area — (1—cos @). (63) 


Hence the total longitudinal pressure is independent of the length or law of curvature 
of the curved pipe. | 
This evidently applies to a jet impinging upon a surface of revolution, either 
stationary or moving in the direction of the line of motion of the jet. For, the jet in 
the region where curvature takes place can be divided into tubes of flow. e@ 
Applying equation (63) to a stationary plate whose direction is perpendicular to 
the direction of the streain, the force of resistance is 


uv”. area of jet. 
& : 
If the area of the jet be the same as that of the plate, this formula becomes 
vc, 
& 


a value much in excess of the true resistance, because only a small portion of the 
approaching column of water whose cross-sectional area is is turned or deflected 
through the angle of 90°. If the average angle of deflection were 60°, the factor 


(r1—cos @) of (63) would equal : 


If a column of water of cross-section Q moving with velocity v could have this 
velocity entirely destroyed, and without interfering with neighboring stream lines, the 
energy consumed per unit time would be : 

OQ” a 
£2 

If the pressure 2 / could act through the distance traveled in one time unit it 
would do, per unit time, work represented by Q pz; 


7. po=XD oy a 
g2 

As 

p oo 


_ This being the resistance per unit area the total resistance will, upon the above 
hypothesis, be 
OXVe (64) 
£2 
Or, if 4 denote the height a body must fall to acquire the velocity v7, this expression is 
the statical pressure of a column of water whose height is 4. 
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Kirchoff has calculated this resistance upon an immersed plate for stream-line 
two-dimensional flow, and found it to be 


x | 
ae 9) : v, (65) 
If the plate is inclined to the stream at an angle a, tee is replaced by PaO 


The dynamical pressure of a jet striking against a plane perpendicular to its 
direction is by (63) 


v* area of jet”. (66) 
& 


and this must be in excess of the true value when the plane is no larger than the cross 
section of the jet, because the threads of the liquid ‘are deflected, as a rule, much less 
than 90°. In case of a plane immersed in a stream of indefinite extent, the normal 
impulse must be less than the above expression, for reasons just stated. The experi- 
ments of du Buat and Thibault gave €=1.86 in the formula 


vy 
Comparatively recent determinations give to € values between 1.25 and 1.75. 

It is generally assumed that the resistance or force of impact is the same whether 
the body moves through the water or the water impinges upon the body held stationary. 
In case of a plate wholly submerged and held perpendicular to the lines of motion, it is 
evident that the greater resistance will occur in the case where the plate is stationary. 
For, in this case, on account of the discontinuous motion and the inertia of the imping- 
ing water, a considerable amount of dead water will lie behind the plate; the stream 
lines will be prevented from so closing in behind as to somewhat resemble their appear- 
ance in front of the plate; that is, the impinging force due to the curvature of an ele- 
mentary stream in front of the plate may not to any considerable extent be offset by a 
similar force in the rear. But if the plate moves through the water, the streams around 
its edges continually turn inward, thus preventing the occurrence of a void, and later 
give rise to a force urging the plate forward. 

Wherever discontinuous motion occurs, it is not probable that the resistance deter- 
mined. by moving the body will be equivalent to that obtained by assuming it fixed and 
the water in motion. | 


13. Resistance for cylindrical bodies. 


Experiments made by myself for the force of impact upon steel wire and rods 
varying in diameter from 0.036 to 0.5 inch, and with the velocity of the water ranging 
from 1 to 134 feet per second, showed that the force is well represented by the expres- 
sion 

UX aor % Yo (68) 
2g 2g 


where the abstract number €=0.95. 


* Rayleigh: Collected Works, Vol. 1, pp. 287-296; or Phil. Mag., Vol. II (1876), pp. 430-441. 
Lamb: Hydrodynamics, 2d ed., article 77. 
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If 
Z=czt+a", 
2 
then 
= 2 
X=c (r+?) cos 60, (69) 


a 
¥=e(r- ») sin A, 
r 


Y=constant, denotes the stream lines for steady two-dimensional flow past a circular 
cylinder placed transversely to the stream. For, if Y=o, either 9=oorr=a. This is 


the case where the stream line breaks up into a straight line and circle. If: Y=a large 
2 


; oh 
constant, 7 becomes large in comparison with , and we eventually have 


ry sin 6=the large constant 


which gives the equation of a straight line parallel to x-axis.* , 

By assuming only statical pressure on approximately the rear half of the cylinder, 
it is possible to make some estimate of the pressure due to motion on the remaining 
surface. For this purpose consider the greatest deflection experienced by each tube of 
flow. 

The central one is deflected go°; the one originally in front of the extreme edge of 
the cylinder is deflected about 214°. 

The longitudinal force of each tube of flow is 


v** cross section of tube’ ; (1 —cos @) (70) 


The longitudinal thrust of all tubes of flow thus computed divided by the area of 
ae Yo 
the diametrical plane of the cylinder gives © - A , from which = can be determined, v 


now denoting the general velocity of the stream before being influenced by the presence 
of the cylinder. 

Since the resistance of impact concerns the front half of the cylinder, it is of 
interest to note that the resistance upon planes whose traces form a half hexagon 
inscribed in a semicircle is, when computed by Kirchoff’s formula (65) nearly 
equal to the observed resistance of the cylinder. | 

A similar method is roughly applicable to a sphere. The observed value of ¢ for 
a sphere lies, according to Weisbach, between 0.5 and 0.6, the resistance being 


7 V 
we 
‘a 2 ) (71) 


Q denoting the area of a great-circle section. 








*See Lamb: Hydrodynamics, 2d ed., sec. 65, 
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14. The transporting power of water. 


If water impinges upon two solids of like densities and geometrically similar, the 
forces just sufficient to move thei along the horizontal bed of a stream are proportional 
to their weights, and so to the cubes of their homologous linear dimensions, /,, 4. 


, (Force required), /t 
." "(Force required),  /3 


By sections 12 and 13 the ratio of the forces of impact is 


(Force of impact), vi /i_7i (Force required), 3 


(Force of impact), 7% /3 2 (Force required),!° (72) 





If the solids just move, the force of impact must equal the required force, and so 


(Force), a 


(Force), a8 (73) 


15. Obstruction caused by sudden enlargement. 
The momentum possessed by a mass of water which passes a fixed point near the 


nouth of a small pipe in unit time is 0,2," ‘7,3; the momentum of a mass passing a 
& 


fixed point of the large pipe in the same time is O,v,* .v,. Since the motion is steady, 


the momentum between the two elementary masses considered remains constant in time. 
The loss of momentum per unit-time mass occasioned by the sudden increase in 
‘the size of the pipe is therefore 


y | , 
O24, — Oe) = O47 240) %), = Oa (4%): (74) 


since by the condition of continuity 0,7,=.0,7,. The pressure in the small pipe is /,, 
that in the large one, not too near the mouth of the small pipe, is 4,. Since increase 
of pressure does not appear until the velocity of the stream becomes diminished 


(because P+: goo: and since the pressure in dead water can not differ much 


from that in the neighboring stream, it may be assumed that for the upper end of the 
large pipe the pressure equals f, rather than f,. The accelerating resultant pressure is 


AD, +p'( QO, a QO, ) —pQy, 
or 


(P,—Pz ).QO,, 
where 7’ is put equal to £,. 


This resultant force acting upon the water of this region does, during each unit of 
time, itycrease the momentum of a unit-time mass from what it possessed upon entering 
to what it possesses upon leaving. 


(Py Pa) Me — Ode (4%). (75) 
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The energy after the shock is therefore, per unit mass, 


Pz —/, at Ty ( 2 2) 
Y & 
For notion without loss of energy 


pr —Py_ vi- 7% 
yo 2g 
since the pressure head (~, y) is assumed to be the same in both cases. The second 
member of this equation exceeds that of the preceding by 
t= o5). 
2”! 


5g renee 
2g Q, 
is the loss of energy per unit mass, and this 1s equal to the loss of pressure head at the 


lower cross section (i.e e. Ps = i *) because of shock. The factor ( iB) is Borda’s 








or since Q,7,=,2,, 


coefficient of resistance. 


16. Hydraulic coefficients. 


Through orifices the amount of the theoretical discharge is diminished by a factor 
styled the coefficient of discharge. This is the product of the coefficient of velocity 
times the coefficient of contraction or vena contracta. For orifices, the coefficient of 
velocity is nearly equal to unity, especially for high velocities, and the coefficient of 
discharge about 0.6. The value diminishes slightly as the size of the orifice is 
increased and shows that the motion is nearly but not say geometrically similar for 
various velocity scales. 

As noted 1 in section 20, Part IV A, the coefficient of contraction for a two-dimensional 
stream is m (2+7)=0.611. 

Bovey considers the coefhcient of contraction to be approximately 0.64 for sharp- 
edged orifices of any form and nearly unity for those perfectly rounded.* 

At the mouth of a projecting tube or mouthpiece the velocity is theoretically that 
due to height. Consequently if the mouthpiece be divergent the velocity at a narrow 
section will exceed that due to height. 

This has been shown by Bernoulli, Venturi, Eytelwein, and Francis. The 
increased velocity will not be realized in vacuo, nor if an open channel take the place of 
the tube or mouthpiece. Hence the flow along an open short channel connecting two 
bodies of water can never from this cause exceed the velocity due to difference between 
the surface levels even at the most contracted part of the channel. 


17. A compound vessel. 


A vessel is supposed to be divided into several compartments by means of vertical 
partitions through each of which is a small opening. At one end of the vessel and 
near the oe is an opening through which the liquid escapees into ane air. The sur- 











* Bovey; A Treatise on Hydraulics, 2d ed., rewritten, sec, 12. 
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face of the first compartment is maintained at a fixed height by continually supplying 
the liquid, and all other surfaces will eventually assume certain heights. Let these 


heights be 4,, 4,, 43, . . . , A, reckoned from the center of the lowest orifice. 
Let 4,, A,, A,, . . . , A, denote areas of the free liquid surfaces in the several 
compartments and Q,, Q,, Q,, . . . , Q, the effective areas of the several 
small openings in the partitions. 

Given the z+1 quantities 4,,.02,,0,,0,, . . . , ©, to find the 22-1 
quantities v,,v,, Vs, . . . , % A, As, . + . +, +A, Therelations between the 
v’s and h’s of the form 

Y= 2 g(h,—A,), H=2 g(A,—Ay), U=2 B(A,—A,), « . . , Y=2gh, (76) 
are 2 in number; and between the z’s and 2’s 
= =H O= - - - - - =, O,=a OF 


are 2—1: all relations thus number 2”—1. 
From the first set we have 





tttut . 2. +0t=2 gh 

and from the second set 

yO ey _ OF Ba Yay _ Di 

vO? ee 0? v2’ eel AS er <6 es cer owe 8 vi = Or, 
Substituting these values of 7%, v%, vs, . . . , U-1, we have 

J2 Eos 
OF OF 6 ~ (77) 
© 2 itototy at Toe 


From v, any other wv follows from the equations just written, and two adjacent v’s 
will by aid of (76) determine any required 4. 
The coefficient 
I 


J vera | (78) 
depends only on the ratios Q,/,, etc., and is independent of the velocity, agreeing in 
this respect with the other coefficients of resistance. The energy lost is converted into 
heat in the several compartments and the body into which the final discharge takes 
place. 

If the constrictions consist of well-rounded capes, so that no energy is lost, we 
have 


Vi-—H— 2g (h,—A,), Vi—-VMi=2g(A,--Ay), V—M=2V(hys—hy), 2 se es, 





footy aph 
. Ui— = 2h; 
or v,= fagh,, 


if U,—0. 
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18. The principle of similitude.* 


It is assumed that two configurations of matter, or two mechanisms, are to be 
geometrically similar at certain times; also that the masses of the corresponding moving 
parts have a constant ratio to one another; also the motion is sustained or governed by 
forces which have a constant ratio to one another in the two cases. 

Let the size of the second configuration be / times that of the first; the times in 
passing from one position to a similar position be 7 times as great in the second as in 
the first; the corresponding masses / times as great; and the corresponding impressed 
forces / times as great. 

In the indeterminate equation of motion 


a*x a’* d*z 
ss (X— me )6 x+( Y—m=2)6 V+ (LZ—m 7726 st=0 (79) 


we can suppose that X, Y, Z are the components of the impressed moving forces on the 
element or particle because that portion of the impressed forces which is balanced by 
the reactions can be associated with no displacements other than zero which are com- 
patible with the connections of the system. 

Substitute for X, Y, Z, x, y, 2, m, and ¢, the quantities AY, FY, FZ, lx, ly, lz, 
fam, tT ¢ in the indeterminate equation. 


The equation will be identical with (79), provided 
Ml=Fr*, (80) 
Kepler's third law.—¥or the motions of two planets the equation 


Frr=yl 


iM . e 
becomes, because F=  /*, or F= 5 r if the planets have different central bodies whose 
mass ratio is /7/, 

T uM 
Reo Ml. (81) 


' Reststances of model and shih.— Assuming that the resistance is proportional to the 
area and the square of the velocity; also, that the density of both bodies is the same. 
The first question is, what velocity will satisfy the requirement 


Fr=peP 


Let wv denote velocity ratio; then, by hypothesis, 


Far f, peal: 
ey tyra 1 | 
This gives Ue da! 
Now assume v=NL 
4 
7 Fob’ Yat v=, 


2 ~~ {2 ‘ (82) 











* See Routh; Elementary Rigid Dynamics, sec. 367. 
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That is, if we use a velocity for the model such that the ship’s shall be J/ times as 
great, the total resistance of the ship will be /* times that of the model. 

This is known as Froude’s theorem. 

Torricella’s theorem.—Imagine two vessels of like form (orifice included) to contain 
a like portion of their total volumes of liquid. Then 


Fre=ypl 


becomes, since the ratio of the impressed force is g’ /*, g’ denoting the ratio of gravity 
in the two cases, 
gilt? =f 


ee (83) 
g& 


* . the times of discharging the th part of the vessels varies directly-as the square - 
root of their lineardimensions. Cf. $9, Part IVA. Under ordinary circumstances g” is 
very nearly unity. If one liquid were more dense than the other, 7 would not be altered, 
because /'and “ would both be altered by the same factor for density. 

Long wave motion.—Consider the case of the free oscillation of two shallow sheets 
of water having the horizontal dimensions proportional, but with any uniform depths 
whose ratio is d. 

Assume amplitudes proportional to depths, which we may doon the principle that 
the periods of small oscillations are independent of amplitudes. This makes it easy to 
compare (accelerating) impressed forces. 

By section 11, Part IV A, the force of restitution is gx slope X density: X volume; 
the mass 1s AeHsity x volume. 


Frau 
becomes a dl*r* = Fadl, 
(? 
Ros 
T = a | 
l | 


The periodic times of the motions are directly as the ratio of the horizontal dimen- 
sions of the bodies and inversely as the square root of the ratio of the depths. g’, the 
ratio of the forces of gravity, may be taken as unity. 

Supposing that for sinall motions, equation 94, Part IV A, 


vo fart, arto 
ye 8 és ai oo) 


represent the motion in one body of water; similar motion in the second body will take 
place provided 

aye, fa Fe a’ bs 

dp 4 eh Fs gat t 72 ay? ) (85) 
where 2’ denotes the amplitude ratio, reduces to the aie equation. This it will do, 
provided 


/ 
ag. (86 ) 
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If the depths of the two bodies he not uniform, but are characterized by a fixed 
ratio d, the equations 


ae 2K 
Fad He. we )+y dy (87) 
aye _fdd’ 9 dd’ 9 | 
rot 8S ae ~G a +E [ we dy cee? 
become identical if 
wie 
Vg'd 


In long-wave motion the vertical and horizontal scales may be anything whatever 
and the character motion will not be altered. The periods will be inversely as the 
square roots of the depths. : 

The only requirement is that the motion at all points be sensibly horizontal; that 
is, if considerable slopes anywhere exist, the motion must there be small. 


19. Zo change a formula expressed in certain units into one expressed in other units. 
Ascertain the dimensions of every numerical term or coefficient or factor by aid of 
the formula itself. - Multiply these numerical quantities by the unit ratios raised to 
powers indicated by the dimensions of the factors of the several terms. By unit ratios 
are meant quotients obtained by dividing the magnitudes of the units used in the 
original formula by the magnitudes of the units to be used in the transformed formula. 
For example, Torricelli’s theorem might be written 


v= 19.62h, 
where the meter ts the unit of length and g is assumed to be 9.81. Now the numerical 
coefficient is of dimension+1 in length. .°. assuming a meter = 3.28 feet, 19.62 must 
be multiplied by this quantity, thus giving 

v= 64.3h. 
But if we write 

uv =2g¢h, 
then the numerical coefficient 2 1s of dimension zero, and so to pass from meters to feet, 
2 must be multiplied by (3.28)°=1, and the formula remains 

v= 2gh 
for all units. Here the dimensions in time do not have to be considered because the 


second is the unit in both cases. 
If c of Chézy’s formula, 


v= cdi, E (89) 


be taken as go when the foot is the unit of length, it becomes < 3) X 90 = 50 when 


the meter is the unit. 





‘Tainb? Hi vdrodyrammies, sec. 189. 
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CHAPTER II. 
CONSIDERATIONS OF DIMENSION AND RESISTANCE IN TIDAL WAVES. 


20. Zides in a canal encircling the carth along a parallel of latitude, friction being 
taken into account. 
Since the tide in a uniform canal coinciding with a parallel of latitude must be 
periodic in time and distance, we may write 
&=Acos (u’t—l x+a), (go) 
where x and & are reckoned westward. 
By equation (10), Part IV A, the westward tidal force may be written 
fT sin (a't—?x), (91) 
where the origin of x is the initial meridian for time as well as distance. 
The dynamical equation to be satisfied is 
vg 


ve+ nie —gh PEF _ a7 sin (a't—lx) . (6a) 


reas 
while €¢= —h a&- 
0x 
Upon substituting for & in (92) its value (go) and sanalng: the entire coefficient 
of sin (a’¢—/’x) and of cos (a’¢—/’x) to zero, we have 


= a’ 

tan a= a’ ght 

gew H 
= FT (a"—ghl®)* +a] 4’ 


where the upper or lower sign is to be used according as a’?—gA/” is positive or negative. 
ppe 4 4 ne po & 


(93) 


(94) 


eae =F i (a’ 2 — gh)? 4- -aytp yon ai—flx--tan a —ghl” ’ 95 
FTht —!' a's 
c= F (ar agal*) fae] Zod 4 't—/x+tan ne) (96) 
By section 9, Part I, these may be written in the form 
H 
oa es —ghl)*+ pa »[(@?—ghl*) sin (a’t—lx)+ ma’ cos (a't—l'x)], (97) 


FTAl 

(a? ght?) + pearl 

When a’¢—/’'x=0, the tidal body is on the meridian of the place. For moderately 
deep water a"—ghl” is positive, and for very deep water, negative. Upon referring to 
(96) and (98) it will be seen that in the case of moderately deep water the argument 
or angle of € at the time of transit of the tidal body is greater than zero. Hence, low 
water occurs a little before the time of transit. In case of very deep water the angle 
of ¢ is less than zero, and so high water will occur a little after the time of transit. 


Cc=— (a"—ghl”) cos(a’t—lx)— ya’ sin (a't—lx)]}. (98) 


For an equatorial canal, ’=a'JgA, and for one following a parallel of latitude, 


a 3 
P= cosh V8" 
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The more general case, where the canal follows any circle great or small drawn 
upon the earth, has been discussed by Levy in sections 96-101 of his treatise on tides. 


21. Tides in a canal closed at both ends whose waters are acted upon by a periodic 
force. 


From equation (320), Part IV A, 


a re sin : es ee (a't+a) 


—_ al gh (99) 
antes 7 ¢ 99 
aan 
where the impressed periodic force is / cos (a’t+a@). 

Let /’ be written for a’ Jgh. This equation becomes 


Se psin (@x—IL) cos (a’'t+a) (100) 


ee 

gl’ ¢ cos /L : 
Consider the tide at the far end of the canal (where +r=2Z) at the time when the 

force has its maximum value in the direction +.r; then sin (/.+—/’L) becomes sin 7Z 


and cos (a’¢+a@), unity. 


f= f tan/L _S Neh UL. (101) 
gl & a e 
In case of M,, /=0.000 000 076 5 g, a’=0.000 140 §19 radian per second. 
".2=0.003 088 Jf tan 7L (102) 
The equilibrium tide is 
0.000 000 076 5 1 (103) 


Suppose A denote the length of wave due to depth 4 and whose period is 7, i. e., 


A=rJgh. Suppose the length of the canal to vary from nothing to A, the intermedicie 
length being fractions of A. The following table shows the value of € from (102). 


For a depth of 10 000 feet, {= 100 feet: 














Height of tide. 
Length-=2 7 

-— gee | | : 
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These results should apply fairly well to hypothetical terrestrial canals whose 
lengths are not greater than, say, 45° of a great circle, if all resistance could be left 
out of consideration. The value of the sustaining forces taken in the direction of the 
canal, can be ascertained from sections 1, 2, and Fig. 1, Part IV A, and asa rule only 
the value at the middle of the canal need be computed. 

When the force is variable over the length of the canal, a progressive wave will gen- 
erally accompany the stationary wave unless the canal lies along a meridian. 


22. Tides in a canal which extends along a meridian from the Equator to either pole. 


By equation (12), Part IV A, the tidal forces for a semidaily tide and acting in a 
northerly direction may be written 


—fcosA sind cos (a’/-+a@) (104) 
where A denotes north latitude. The dynamical equation becomes 
Abra PE x. x ; 
9 ~8h4 ya tS cos , sin ~ cos (a't+a) | (105) 


ry denoting the radius of the earth, and + the distance north of the Equator. The 
equation of continuity is, of course, 


_ 06 
€=—hA ax 
The values of & and € satisfying these equations are 
_ ot vif eee 5 ; 
f=—> Fe rr sin 2” cos (a’t+a), (106) 
_ Shr x ; 
o= haat Cos 2 > cos (a f+a), (107) 


as is easily seen upon substituting the value of & in (105). 

Hence, the wave is stationary. If the canal have great depth, equation (107) 
shows that when the tidal body is on meridian, it 1s high water in latitudes below 45° 
and low water in higher latitudes. If the canal have ordinary oceanic depth, this rule 
is reversed. 

The general problem of finding the tides in canals, whether circular, closed at one 
end, or at both ends, friction being taken into account, has been treated hy Airy in sub- 
section 6 of his Tides and Waves. Similar matters are treated by Ferrel in Chapter IV 
of his Tidal Researches, and by Lévy in Chapter VIII of his treatise on tides. 

The problem of finding the tide in a canal of any length bounded at both ends and 
whose waters are acted upon by a force periodic in time and varying or not varying 
over the canal, although a special case of the more general problem, is nevertheless one 
of considerable difficulty. For a solution, see Airy’s Tides and Waves, article 337, 
and for numerical examples of east-and-west canals, see Ferrel’s Tidal Researches, sec- 
tions 144-149. | 

On account of the difficulties connected with problems of the class just mentioned 
and the questionability of the results obtained being applicable to the existing ocean 
tides, it seems best to here rest content with giving the above references. 
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23. Concerning the ‘‘ages’’ and coefficients of tidal inequalities. 


In case of a compound pendulum oscillating in a resisting medium, it is easy to see 
that if the sustaining force is not exactly isochronous with its natural period, the 
departures in phase from the phase obtained upon the assumption of exact isochronism 
are proportional to the departure of speed from the critical speed. 

For, in equation (297), Part IV A, 

cr a’A? 
tan a, Waiaa & (108) 


Here a, denotes the phase of the sustaining force (intensity) when the phase of the 
oscillation (displacement) is 180°, a’ is the speed of the sustaining force, @ that of the 
free pendulum. Suppose a’=a+é; then 


_ qm i? (ate) a on i? 
mt ane) KE Me (109) 








Now since the difference between the phase of the force and phase of the oscillation is 
about 90°, we may write 


tan a, = tan (go°+£) 
when £ isa small angle. But 
tan (90° + £)=—5; (110) 
or 
é E=constant; 


and so the departure of the phase of a pendulum from go”, or its critical value, is pro- 
portional to the departure of the natural ‘‘ speed’’ of the pendulum from the ‘‘ speed ”’ 
of the sustaining force. 


Equation (296), Part IV A, 


_ XA, sina, 
C'a'h? 





A= (111) 
shows that the amplitude of the oscillation varies but slowly on account of the variation 
in phase, provided a, lies near to +g90°. Other things being equal, the amplitude of 
the oscillation is then very nearly proportional to the amplitude of the impressed force. 
The above expression may be written 


a 


, _ ; E 
ja a= Kos B=k( 1 (112) 
showing that the defect in this proportionality is proportional to the square of small 
angle £ or to the square €=a’—a. 

Suppose the amplitude of the vibration with resistance to be reduced thereby to ’ 
times the amplitude of the vibration without resistance. 
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From equation (298), Part IV A, the amplitude of a vibration without resistance is 


FA, 


= = M(a"®—a*y)a" : (113) 


Now, by hypothesis the amplitude with friction is to be ’ times this expression. For 
a pendulum resembling a simple pendulum as most pendulums do A=X=A,=A. The 
amplitude with resistance then becomes 


,__#ysna , =F, 
Pa ai Sas (114) 
also, from equation (294), 
’ 7 
cos a= (115) 
. Cos @=+y’, (116) 


a result independent of a'a’; i. e., a, depends only upon the ratio of the amplitude of 
the actual vibration to the amplitude of the theoretical one without resistance. 


Suppose yas. Then, a,=-60°, or 120°; that is, the force phase relatively to that 


of the displacement of the pendulum is within 30° of the value which it would assume 
were the length exactly critical and so resistance in absolute control. 

24. Considering, first, only areas in which fairly large tides are produced; it will be 
seen that the values of S,’M,, N,'M,, S!— Me, M$—Ng (sec. 97, Part IV A; sec. 19, Part 
IV B) do not differ very greatly in going from place to place. Now, if the departure from 
the critical dimensions suited to the several semidiurnal components were a matter of 
prime importance, we would find places where one or more of the ratios of the ampli- 
tudes would be widely different from the ratios of the amplitudes of the forces, and 
where it would be reasonable to suppose one or more of the epoch differences would be 
approximately 180° instead of zero degrees. For, if the free period of an ‘‘area’’ were 
greater than the period of one of the components and less than the period of another 
component, the epochs of the tides with reference to the forces should differ by 180°. 
At any rate, this condition could be realized in comparing different areas. 

From the table in section 21 it can be seen that in the case of no resistance, great 
variations in amplitude ratios should, in an area of nearly critical dimensions, result from 
slight variations in the speeds of the components. But, as already stated, such great 
variations do not occur in areas having fairly large tides. It follows that the resistance, 
including dissipation, must be paramount. 

As already noted, the amplitude of the forced oscillations of a pendulum in a period 
closely approximating its natural period is nearly proportional to the sustaining force. 

On the other hand, the existence of positive ages for most areas having good tides 
indicates tliat the difference in speed of the semidiurnal components is felt to a limited 
extent. That is, the epochs of two components are not equal to each other, nor do they 
differ by 180°; but the epoch belonging to the faster component is generally a few 
degrees greater than the epoch belonging to the other, the amount in degrees, when two 
differences are compared, being roughly proportional to the speed differences. 
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This statement accords with what has already been shown with reference to a 
pendulum sustained by forces whose periods are nearly equal to the free period of the 
pendulum. 

Now if the length (1. e., variation from the critical length) had no sensible effect 
upon the phase or epoch, it is doubtful if the phase would be altered in this manner by 
resistance. 

To convince one that ages, if due to only resistance and variation in force inten- 
sity, must be smaller than those commonly found in nature, suppose, if possible, that 
the tide owes its existence to 27 successive impulses (z in either direction ), each contribut- 
ing equally to its formation. The amplitude of the tide at any given time will then 
be proportional, not to the forces acting at that time, but to the average value of the 


forces during the 2 preceding periods, and so approximately proportional to the force = 


periods before the time of tide. But it is reasonable to suppose that the effect of the 
impulse nearest the time of tide is much greater than the effect of any oneof the earlier 
impulses. Consequently the greatest tides must follow the greatest forces by a time or age 


not exceeding a small fraction of ‘ periods in length. For the semidaily tide it is prob- 


able that periods do not exceed three or four days. 

We are thus led to believe that the small departures of the periods of the components 
from the free period of a body are necessary in order that the resistances may cause the 
‘‘ages’’ of the inequalities; but that such departures, unless considerable, generally 
have but a moderate influence upon the amplitude ratios. 

If a component nearly fits an area, the phase of the tide will not be sufficiently 
altered to depart far from the phase determined upon the assumption of exact agreement 
between period of the component and free period of the body and where resistance 
controls. 

In some cases, even where the range of the ocean tide is not remarkably small, the 
ratios S,/M,, N,’ M, may differ greatly from the theoretical values. Similarly the values 
of S{— M2, Mz:— Ne may in some instances be almost anything. 

These conditions may be brought about through the close correspondence in period 
between two or more modes of free oscillation and the components involved. This may 
occur because the outlines of the body are generally irregular and the dimensions not 
very definite. In fact, it is easy to imagine a rectangular area where the lines of motion 
in an oscillation suited to S, shall lie at right angles to the lines of motion suited to M,. 

Along the southern coasts of Australia and around Lower California the ratio 
S,'M, is unusually large. In such localities ‘‘dodging tides’’ may occur in extreme 
cases. | 

The ratio S,/M, may be considerably too small in a well-defined area and where 
but one mode of oscillation could be expected, because the free period of the area differs 
considerably from the period of S,. An example of this occurs along the Atlantic coast 
of the United States. The coast of New Zealand and the Pacific coast of southern 
Chile are probably examples of this, but on account of the expanse of the Pacific Ocean 
there is a possibility of the S,-oscillation differing in mode from the M,-oscillation. 

Where the ocean tide is small the ratios S./M.,N./M, may depart from their theo- 
retical values or values where the tide is large; and the values of S}—M?, Mg—N? may 
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be almost anything, because the nodal line of a stationary oscillation for Mz, may not be 
the nodal line of a stationary oscillation for S, or N,. Near the nodal lines the above 
ratios would naturally vary, especially in a dependent fractional area. Examples of 
this are the tides at the mouth of the Bay of Bengal and near Portland, England. 

If the cause of the small ocean tides can not be seen, it 1s reasonable to suppose 
that different modes of oscillation for different components account for many of these 
apparent irregularities. It may be that in many places of small tides the forced oscil- 
lations of bodies whose periods do not closely approach the semidaily period are of suf- 
ficient size to be comparable with the other tides there existing. But it is probable that 
the ratios in such oscillations if considered alone would approach the theoretical values 
and that the ages would be very short, thus approaching the conditions of equilibrium 
tides. In fact, there are doubtless basins in all oceans in which approximate equilib- 
rium tides arise (particularly diurnal tides), but these are generally obscured by the 
derived waves from other sources. 

Generally speaking, the bodies of water in which fairly large tides are generated 
approach more nearly to M, in the matter of free periods than to S,. Hence the theo- 
retical hours laid down in Fig. 23, Part IV A, belong, as a rule, to the lunar rather 
than the solar tide. The dimensions of the ‘‘ areas’’ generally indicate this, and the 
smallness of S./M, gives further confirmation. The values of N,’M, being generally 
greater than the force ratio or 0.1936 for the Atlantic and Pacific coasts of the United 
States indicates, perhaps, that N, is fitted by the ‘‘areas’’ betterthan is M,. The large 
value of N,'M, for Suez is probably due to the fact that the Gulf of Suez approaches 


nearer to a critical length CA) for the N,-wave than for the My-orS,-wave. Owing 


to the rapidity with which the tidal impulses are destroyed through dissipation and fric- 
tion, and also to the possibility of somewhat different modes of oscillation for the various 
semidaily tidal constituents, it is not reasonable tosuppose that their amplitudes will be 
very nearly proportional to the forces, nor that their epochs will follow any simple law. 

25. On the dissipation or want of motion. 

Observation shows that ocean tides generally are too great to be produced by a 
single impulse of the tidal forces (as in the case of equilibrium tides); it shows the 
existence of fairly well-defined nodal lines and loops, thus establishing beyond all doubt 
the existence of stationary waves in certain oceanic areas. Moreover, the computed free 
periods for such areas generally approximate to the periods of the tidal forces; i. e., the 
areas have approximately critical dimensions. 

Regarding this hypothesis as sufficiently well established, the questions now to be 
considered relate to the resistances which check or reduce the motion and affect the 
phase of the oscillation relatively to that of the forces. 

In determining the time of elongation of the water particles, according to sections 
62-67, Part IV A, it is assumed that the dimensions of the oscillating body are so 
nearly critical that the resistance is the important factor. It should have been noted 
earlier that equation (305), Part IV A, can be written in a more general form, thus 
adapting it to less restricted hypotheses. For example, the assumed mode of division 
of the body of water into elements might be quite different in the resistance term from 
the mode of division used in the other terms. That is, it is of no consequence how the 


12770—07——18 
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body is divided for resistance provided the resistance from all parts be finally added ~ 
together. The resistance coefficient may be great in one locality and small in another; 
that is, C’ should take a subscript (v or «), and so, from what has been said, the last 
term of (305), Part IV A, may be written in the more general form 


— Aa2=C m,sinx,sin at. (r17) 


Evidently the rules laid down in the sections referred to for connecting the forces 
with the time of tide will not be altered by this generalization, but it becomes important 
when one attempts to look more closely into the nature of the resistance; in fact, it is 
obvious that the distribution of the resisting causes may vary greatly in different cases. 

The term resistance will be used to denote the cause of all absence, diminution, or 
loss of motion, judged from what would have resulted under given sustaining forces 
had all boundaries been regular and complete and had the liquid been a perfect fluid. 

The part of the resistance due to imperfect and incomplete boundaries may be 
called either ‘‘dissipation’’ or ‘‘ virtual resistance;’’ while the part due to motion in 
the area only, such as friction and viscosity, is real or actual resistance. 


For a body of water a little less thay RY long having a complete regular boundary 


and being devoid of all resistance, the high water in either half of the body occurs when 
the horizontal force is greatest in the direction of the half considered. The wave, 
however, is the result of several or many impulses of these forces, and so the one most. 
nearly coinciding with the time of a particular high water is responsible for only a small 
part of the motion. Each impulse acting in this way has very little power to sustain the 
oscillation. Now, if resistance occurs the observed oscillation is the result of forces 
acting in a manner best suited to sustain it; for if not, some other arrangement would 
arise which would cause a greater amplitude to the motion. 

. It is obvious that in order to overcome friction the sustaining forces must act more 
with the moving particles than against them. 


' If the area is very nearly “A in length and the amplitude is kept down by friction 


proportional to the velocity, it is easily seen that the forces must be of the same phase 
as the velocities, in order to sustain the greatest actual oscillation; in other words, the 


phase of the displacements must be ; t or go° behind the phase of the forces. 


Dissipation because of incomplete boundaries generally takes place through either 
stationary or progressive wave motion. , 

Imagine a rectangular body or area of approximately critical dimensions to have 
solid barriers at the ends only. Experiment shows that the oscillation 1n such a body 
has a much smaller amplitude than would have been the case had all boundaries been 
solid; also that across the imaginary sides, particularly near the loops, a transverse 
stationary motion simultaneous with the longitudinal motion is going on. The reason 
for this transverse motion is obvious. For, an elevation at one loop causes an outward 
slope and so an outward acceleration. This gives a maximum outward velocity when 
the water at the loop has fallen to mean-water level. Similarly the greatest velocity 
toward this loop will occur at the time of mean level when the water is there rising. 
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The outgoing water crowds up the water situated well outside of the area and so 
tends to cause it there to rise. If a rigid barrier were placed at a suitable distance 
beyond this free or imaginary side of the area, a considerable rise would actually take 
place. As no such barrier exists, the outward-going motion, well outside of the area, 
is not converted into height; it is communicated to waters not susceptible of tak- 
ing up good oscillations. Consequently the succeeding inward motion does not 
have the benefit of any considerable height energy in the outer part of the transversely 
moving water. The same result as to the loss of transverse motion will be obtained by 
considering in the first place a low water at the loop. 

The lateral boundaries of the main area being only imaginary, it 1s clear that 
every increment of energy given to the area by the forces is offset by a loss of 
motion going on across the missing or imaginary boundaries. The shorter the solid 
ends in comparison with the missing sides, the smaller will be the oscillation set up and 


maintained. In fact the length of the end walls must be at least about 7 X.in length if 


any considerable oscillation is to occur (see sec. 53, Part IV A). 

It will be noticed that energy is leaving the system most rapidly at the time of 
mean level rising or falling, and that none escapes at the times of high and low water; 
at intermediate times the escape is proportional to the velocity which could have, under 
other conditions, been converted into height. Therefore, whether much motion exists 
or not, it follows that the amplitude of the oscillation is kept down by destructive 
agencies most active at the times of mean level and which can be approximately repre- 
sented by the term (117) which includes frictional resistance and is based upon the 
assumption that all resistance varies with the first power of the velocity.. The dis- 
sipation term implied in the equation of virtual work [(302), Part IV A] may be 
ag" 
Ot 
—A,2K.m, sin? / x, sin af, and so may be considered as being covered’ by the 





written —2K,m,6, The corresponding term implied in (305), Part IV A, is 


given resistance term, (117). 

If an area were entirely surrounded by solid walls, excepting one narrow opening 
into a tideless sea, the above law of dissipation, so far as dissipation occurs, holds here 
because according to sections 35, 103, Part IV A, the motion in the strait is a stationary 
oscillation simultaneous with the motion in the oscillating area sustaining it. 

If one of the four walls surrounding an area consists of a shore line made somewhat 
irregular by headlands and bays, then, provided the bays are nonpropagative arms of 
water, it is obvious that the motion in these is greatest at the time of mean level out- 
side. Hence whatever resistance occurs in these arms, whether from friction proper or 
from the fact that the motion in them sustained by the rise and fall of the area is in 
part dissipated in the area, must follow the above law, at least very approximately. 

In the next place, imagine one of the four rigid walls surrounding an area to con- 
tain an opening through which a wave is propagated; for example, the mouth of a 
tidal river or other propagative arm of the ocean. 

The mass of water occupying the immediate approaches to the mouth of the river 
or bay rises and falls with the area upon which it depends. From the rise and fall of 
this mass, the energy expended in the river or bay is immediately derived. ‘The size 
of this intermediary mass as compared with that of the oscillating system indicates, in a 
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measure, how much the motion in the latter will be reduced. At the time of mean 
level, energy is being transferred from the system proper to the intermediary mass at 
a maximum rate; at the time of high or low water none is being thus transferred. The 
question here simply relates to the transference of energy from the main body to the 
intermediary mass and has little to do with what goes on between this mass and the 
river proper. | 

The resistance in the river tends to diminish the rise and fall at its mouth, hence 
the necessity of supplying energy to the inass in maintaining the rise and fall at the 
river’s inouth. 

If one of the end boundaries of an oscillating area contain an opening of consider- 
able size and through which a progression occurs, a progressive character is given to 
the tides of the area a considerable distance from the opening (antecedent wave). This 
progressive wave may result from two causes: (1) that just given, viz., the necessity of 
agreement in height between the water’s surface off the mouth of the river or strait and 
that of the principal oscillation; (2) the fact that particles in and near the opening are 
not turned back at the time of elongation of principal oscillation, but somewhat later. 
In either case it is necessary to go into the area some distance from the opening in 
order to observe the true time of rise and fall for the principal oscillation. In either 
case, also, there must be an intermediary mass of water whereby energy is transferred 
from the principal oscillation to the progressive wave. In deep water this wave may 
be felt nearly across the area, and is often sustained in part by the horizontal motion 
across the nodal line. : 

In the case of a stationary-dissipation movement, the greatest crowding of the 
waters into which the motion is dissipated takes place on the falling tide of the neigh- 
boring loop. 

In case of a progressive-dissipation movement, the greatest crowding of the waters 
immediately adjacent to the area takes place on the rising tide of the neighboring loop. 

More generally, the oscillation in an area having incomplete boundaries is kept 
down because the impulses of the tidal forces in their efforts to sustain or augment the 
oscillation tend to cause a crowding together or drawing asunder of the water particles 
near by. If the boundary were complete, an increased oscillation would result. Being 
incomplete, only a moderate rise and fall results. The failure to make the crowding 
effective in increasing the height at a loop of the area is most rapid at the time of half- 
tide level. This isalso the time when the height of the surface is changing most rapidly. 

Incomplete boundaries are in fact the chief reason why the tide in a given area always 
falls much short of its theoretical dynamical value. Whether the reduction of motion 
be due to irregularities in the shore line or to incompleteness of boundary, the forces will 
select a critical strip of water, if such exist; but on account of these defects of boundary 
the forces will act to comparatively poor advantage, especially in the case of the terres- 
trial oceans. 

It must not be inferred that energy is always expended most rapidly on account of 
a break in a boundary of the oscillating area or system at the time of half-tide level. 
Where hydraulic effects occur it may be otherwise. If the principal resistance of the 


: , I 
area were of this character, the forces would not precede the displacements by ri 


or go°, as usual; for example, a lake or bay communicating with the sea through a 
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narrow and short strait. In this case the energy of the oscillation is being most 
rapidly reduced at about the time of high or low water outside, for then the surfaces of 
near-by waters have their greatest difference in height. It does not seem probable that 
dissipations of this kind are great enough to have a sensible influence upon ocean tides. 
And even in the case just supposed, as the opening becomes larger there will be less 
tendency to depart from the general rule. 

In section 23 it is shown that if the amplitude of vibration of a pendulum in a 
resisting medium be “’ times the value when free from resistance, the impressed forces 
remaining the same in both cases, then the phase of the forces relatively to that of the 
displacement of the pendulum is given by the equation 


cos @ =e’, 
Now, assuming that a tidal oscillation follows this law for all forms of resistance, 


as is probably very nearly the case, it follows that if the observed amplitude has : 


of its theoretical value with no resistance, then the phase of maximum velocity of the 
particles differs from the phase of maximum forces by 14° 29’, or about half an hour for 
a semidaily tide. 

The nearer to critical dimensions are the dimensions of the oscillating areas, the 
greater will be their tides and the more will these tides overshadow all other tides which 
may arise from less suitable areas, and the more will the resultant tides be controlled 
by them; hence their great liability to chiefly constitute the observed tide. This state 
of affairs is, in fact, necessary wherever much incompleteness and irregularity of 
boundary exist; that is, 4’ must be small on account of these defects in boundary and 
the dimensions of an area must be nearly critical in order that a sensible tide may arise 
in an area thus imperfectly surrounded. 

26. Jo find the frictional resistance upon a canal-like sheet of water, the length 


approximating to aA. 
Let the body be divided longitudinally into strips one unit in width. Taking the 


left end of the canal as space origin and the time origin at the time when the particles 
are at elongation to the left, the equations of the motion are 


‘§=—A< sin /x cos at, 
&=Alh cos /x cos at, =A’ cos /x cos at; (118) | 
: 0G See afte » Ie 
.. velocity =apT ee sin dr sin at=A Jfsin fxsin at. (119) 


If the amplitude of the tide is one foot, the values of the maximum velocity at the 
nodal line are as follows for various depths, 4: 


h= 600, 1200, 3000, 6000, (9000, 12000, 15000, 18000, feet. 


| £=0.23156. 0.16374, 0.10356, 0.07323, 0.05979, 0.05178, 0.04631, 0.04228 feet 


per second. 
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It thus appears that for anything like oceanic depths, the maximum velocity of 
the water particles is less than 1/10 foot per second for each foot of semi-range of tide. 
The resistance per square foot of bottom area is F (secs. 7, 8). The total maximum 
resistance of a strip of water 4 A long and one foot wide is 


by ae 2 
2 4 


pounds where the maximum velocity at the nodal line is used in #. The weight of 
water composing this strip is } Aky. The amplitude of the M, tidal force acting upon 
this strip is, for a canal so short that we may disregard the variations of forces over it, 


; AY X 0.000 000 076 5 (120) 


pounds (sec. 2, Part IV A). The tidal force divided by the resisting force is 
0.000 000 076 54 A 
220 ODP 2AF -=0.003 20 — (121) 
fe F v 


where y=64 pounds and F=0.002 4v. This shows that for ocean depths frictional 
resistance is only a small fraction of the tidal force. 


27. Tidal retardation of the earth's axial rotation: 
If the earth were a. homogeneous ellipsoid of. revolution, its moment of inertia 
about its axis of revolution would be 
| : Mass (equatorial radius)’. (122) 
where 
Mass= : mr’® pA 


where equatorial radius=20 925 000; r’=the average radius=20 g02 000 feet; “p= 
mass per unit volume=62.4 X 5.5 = 343.2 pounds. These values give for the moment 
of inertia 7, 2 299 X 10° foot poundals or 7 396 X 10% foot pounds. 


The energy of rotation is a where @ denotes the angular velocity of rotation= 
0.000 072 72 radian per sidereal second. 
“4 a a? = 608 X 10" foot poundals. (123) 


But the density of the earth increases from the surface toward the center accord- 
ing to some law not fully known. Among the hypotheses which have been used in 
questions connected with the earth’s figure are rere s (or Laplace’s), Roche’s, 
Lipschitz’s, Maurice Levy’s, and Wiechert’s. 

Without going into the computation in accordance with any of these hypotheses, 
we may use the value 

504 X 10% foot poundals 


given in the Smithsonian Tables, and which depends directly upon Harkness’ values of 
the principal moments of inertia. 
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Let € denote the constant lengthening of the sidereal day per sidereal day; then 
after ¢ days the original length of the day will be increased by ¢¢. The total time lost 


during a period of ¢ days will be ; 
t=t¢ 
£ 
é | td t=. ets, (124) 
f=o 
- e=2? 
ae i 


The energies at ‘=o and /=¢ are connected by the equation 
7). — 72. i : 
(Energy),: (energy),= 1": (sa) 


. energyy 


: =1—26é/, 
energy, (125) 


The energy lost in ¢ days is therefore very nearly equal to the original (or final) 
energy multiplied by 2 € ¢, where € is expressed as a small fraction of a day. 

If in 100 years, the earth’s meridian is 22 (sidereal) seconds behind the position it 
would have assumed had the rotation not been retarded, we have s= 22 seconds=0.000255 
day. | ° 

0.000 255 v 


ste f= 66h i100 (126) 


and 
504 X 10% X 2€= 384 X 10° 


for the number of poundals of work lost in a sidereal day. 
According to Kriimmel the area of the oceans and inland seas is 


374 058 000 sq. k.=144 424 168 sq. st. miles=4 026 314 780 000 O00 sq. feet. 


The average depth exceeds 9 o00 feet, and the average range of tide is about 2 feet. 
These values give for the average maximum velocity in feet per second of the water . 
particles 


Af —£ =. =©6, 
een 0.059 8=0.06 
where 4’=1 and g = 32.172 2; the average mean velocity will be 0.06 X = =0.038. 


Total resistance = /'X area=0.002 4X velocity X area=3.65X10" Ibs. (127) 


Average distance traveled by a particle in a sidereal day=3 274 feet. The energy 
expended in a sidereal day is 


3.65 X 10" X 3 274=1 195 X10" foot pounds, = 384 X 10 foot poundals. (128) 


According to this estimate, the tidal resistance of the ocean and inland seas causes 
the earth’s meridian to fall behind 0.22 second per century instead of 22 seconds. 
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This value should be considerably increased on account of the fact that in shallow 
water the frictional resistance is many times greater per square mile or foot of area than 
in deep water. 

The following are a few references to the question of retardation of the earth’s 
axial rotation due to tidal friction: 

Thomson and Tait: Natural Philosophy, 2d ed., secs. 276, 830, Ap. G (a) and (b) 
(by Darwin). 

Lord Kelvin: Popular Lectures and Addresses, Vol. II (1894), pp. 20-24, 65-72, 
go-96, 270-272. ; 

Sir Robt. S. Ball: Time and Tide. 

This manual, Part I, secs. 140, 142, and references there given. 
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CHAPTER III. 
SHALLOW-WATER AND RIVER TIDES. 


28. To Airy belongs the credit of having first obtained the exact equation of long- 
wave motion (No. 129 below). His approximate solution of this equation enabled 
him to partially explain the change in form of a wave where the depth is but a moderate 
multiple of the amplitude of the tide.* 

In 1871 M. de Saint-Venant gave as the rate of advance of a free wave 3¥gz—2Vgh 
where 2 denotes the depth and A the undisturbed depth. t 

In 1892 J. McCowan published an important paper entitled ‘‘On the theory of long 
waves and its application to the tidal phenomena of rivers and estuaries.’’ { 

Prof. Maurice Lévy gives a very complete discussion of river tides 1 in Chapter IX 
of his Théorie des Marées.§ 

The aim of the present chapter is to give some of the more essential parts of Airy’s, 
McCowan's, and Lévy’s developments, together with some modifications and additional 
matters. 

As noted in section 17, Part I, the equation of motion for a canal in which the rise 
and fall amounts to a considerable fraction of its depths is 


0S 

PF , ax 0S 9g) | 

we" sey eae Liste + Ge) | em 
ray 


while the equation of continuity is 


(14% Mtg an or, t= 32 +(% = tee (130) 


. 1G : ea 
The approximate solution of (129) where { ~ is small in comparison with unity is 


Ox 
pb (Kt+ x) +p (Kt— x) (131) 
where «x?=gh. ‘Therefore assume as an approximate solution of (129) 
&=A sin (at— lata) (132) 


























* Tides and Waves, secs. 195 et seq. See also Stokes, ‘**Report on recent aésoutclics in hydrody- 
namiics,’’ and ‘‘ Notes on hydrodynamics,’’ Mathematical and Physical Papers, Vol. I, pp. 157-176, and 
Vol. II, pp. 222-229; also this manual, Part I, secs. 113, 117. 

t Comptes rendus de 1’Académie des Sciences, Vol. 73 (1871), pp. 147-154. See also Vol. 71 (1870), 
pp. 186-195. 

t Philosophical Magazine, Vol. III, pp. 250-265. 

§ Premiére Partie, Paris, 1898. 
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where a//=/gh. Equation (129) may now be written 


Pe a0 3(AD? le sj . ‘ 
Yi oe oar sin 2 (af—/x-+a@)-+ higher powers in A/ (133) 
_ where 4/h=the original amplitude of the semidaily tide= 1’. 

If & were of the form (132), the left member of (133) would be zero; consequently 
besides containing terms of the form (132), & must contain a part such that when 


3° 3” 


yaaa is applied to it the result shall be—S.4*P x3 sin 2 (at—lx+a). 


The part answering to this description is 


3 yen = a ee ee 
3 A*Px cos 2 (at—/x+a) + any pupchion satisfying af ela : 


Assume this function to be 


A, sin 2 (at—l/x+a,)+Pt+Qx+R 


~ 


and suppose 4, to be small in comparison with -4. Upon substituting the entire value 
of & in the equation of continuity (130), and carrying the result to the second power 
of quantities of the magnitude 4/, there results 


== Al cos (at—lepa)—* AP x sin 2(at—lx+-a)—9 A°P cos 2(at—lx+a) 


I-+cos 2(at—lx +a) 


+2A,/ cos 2(at—lx+a,)+ 42 ~ Q. (134) 


If the term Qx were not included in the expression for &, it might be inferred 
from (134) that the mean value of & must be 


Ah, or ~<A" /h where A’= Alh 


is the amplitude of the principal term in the expression for €. This would seem to 
indicate that the mean of all ordinates of the tide curve at any given point of a river 
or canal lies a little above the level of the ocean or of a tideless canal.* This con- 
clusion is wrong, because, from the nature of the case, the mean level of the river near 
the mouth can not be sensibly raised above mean sea level just outside. 

At the mouth of the river where +=0 the tide is assumed to be simply harmonic 
and so the terms in 2a@/—2/x and whose coefficients do not contain x must vanish 
for all values'of x; also the mean half-tide level must be that of the sea. Equation 
(134) then gives, since an amplitude is essentially positive, 

Att 


I r 
A,= 6 Al, q=at+5, O=>—- (135) 








*Cf. Ferrel, Tidal Researches, Equation 273 and secs. 248-253; and Airy, Tides and Waves, arts. 
515, 531. 
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If #’=x+6, it will be the codrdinate of the particle in its disturbed position. 
Equation (134) then becomes approximately 


Sal cos (at—lx'-+a)—* Aue’ sin 2(at—lx’+ a) 


- —1 
Ar See —2A'P cos 2(at—Ix’+a) 


+2A,/ cos 2(at—lx’+a,)+A te0s 2¢at— eta) _ Q 


=Al cos(at—Ix' +a) aes sin 2(at—/x’+aq) 


+2 At? cos 2(af—/x’+a)+2 A,/ cos 2(at—/x'+a,)—@Q. (136) 


The conditions that the height of water in the mouth of the canal must agree with 
the height outside gives 


m4 
A,=>.A4l, aa ar, Q=0. (137) 


The value of & may now be written 


&=A sin (at—lx-a)+ 3AM? x cos 2 (at—lx-+a)——, Al sin 2 (at—lx+a)+FPt 


A’? 


7 A+R. (138) 


+ 





The velocity of a particle whose undisturbed or mean abscissa is x is 


u= 2 = Aa cos (at—/x+a) — |) Atal x sin 2 (at—l/x+q@) 


—< Atal cos 2 (at—/x+a)+P. " (139) 


The fact that € contains only simple cosine or sine terms shows that its mean value 
must be zero. The velocity can not followexactly asimilar simple law. For, at the time 
of flood the depth is greater than it is at the time of ebb, and so, in order that the 
same amount of water shall cross a given cross section on the ebb as on the flood, 
the ebb current must average the stronger. In order to represent the decrease in the 
velocity on the flood, and the increase on the ebb, with neither increase nor decrease at 
the time of mean river level, it is natural to add a term proportional to the square of 
the velocity and finally determine P. Take a section so near to the mouth of the river 
that the term having x in its coefficient may be neglected. Then 


u= Aa cos (at—lx+a)+Ku', 
or 


, — = Atal cos 2 (at—lx+a)+P=Ku'; 
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whence 


The value of « thus becomes 
u= Aa cos (at--lr +a) — i 3 4tal*x sin 2 (at— lx+a@) 
—. «L’al cos 2 (af—Ix+a)—, fal, (140) 


This value of # is allowable because velocities are not, like heights, restricted toa 
simple periodic term where x=o0. The velocity becomes zero wherever at—lx+qa is 
an odd multiple of 90°, i. e., at the time of mean river level. 

Because of relations (135), equation (134) may be written 


pad cos (at -lx+a)—3 A*l*x sin 2 (af—lr+a), (141) 


where ¢ is the height of the surface for a point whose undisturbed abscissa is x. 
From (139) and (141) it is evident that the first approximate value of the velocity 
of the current at a point whose undisturbed abscissa 1s -r, 1s 


oor 
u= oat JS si since 7D == Wee. (142) 
The second approximate value of the velocity is 
S =) ; 
=1G- 4 -B) (143) 
as can be seen upon substituting the value of : from (141) in (139). 


If x’ — & be written for -r in the expression for the velocity, it becomes 


w= Aa cos (at—lx'--a) — 9 Atal*s’ sin 2(af—lx’+a) 


+3 Atal cos 2 (af—/r’+a)+P, (144) 
which gives P= 3A "al, 


The magnitude of the coefficient of sin 2 (af—/x+a) or sin 2 (at—lz’+ a) is 


readily computed by aid of the relation /=a:J gh where a =0.000 140 5 radian per 
second for the M,-wave. Let 4’ = A/h = original amplitude of the tide. Then 


3 gypsy 3 4n I 
and so for the mean lunar tide, 


Lx’ | 
M,=3 : = (146) 
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The value of /, = 2 7 ‘X, is given inthe last column of Table 50 for various depths. To find 
the / for any other component whose speed is 4, multiply the tabular values by 4 a. 


The amplitude of the tide whose speed is 2 a, is 2 A®  h x', and the angle or phase 


is double the angle or phase of the fundamental—this double angle being increased by 
go° if the second term of (134) 1s to be written asa positive cosine term: .°. by 


equations (45) and (46), Part III, high water is accelerated->-4/ *x’ radians or degrees, 


; : . : : Al* x ; 
according to the manner in which x’ is expressed, or e te hours; low water 1s 


hours ‘less than 


.  AlP 2 
180°; a, or a quarter lunar day for the lunar wave, while the duration of fall is 3 = 





retarded by the same amount. Hence the duration of rise is 3 


greater than 180° ;a. If the time origin be such that a = o, the time of high water at 
® is 


x 3 Ale’ 
gh 2 gh hee 
The reciprocal of a i. e., the rate of advance of the high-water phase, is 
oy rt) a eo ee ee 
For the low-water phase the approximate rate of advance is 
belie fen eee 
V gh (1-3 5. (149) 
For the mean lunar tide 
t= 2 M3—g0°. (150) 


To approximately take into account the proper outward velocity of the stream 
(UV), these rates of propagation should be diminished by U. Similarly, the value of 
the velocity of the current will be approximately «— U. 

29. Tides in a canal stopped by a burrier.* 

Taking the mouth of thecanal as the origin, and denoting its length by Z, the approxi- 

mate displacements are, by section 30, Part I, 


g-— “sin [4 L—-+x)] cos (af+a), (151) 
i 
c= 1 cos [4(.L—x)] cos (at+ a), (152) 


The dynamical equation taken in connection with the equation of continuity is 


v5 96 0g 0G \* _ 
Spain| maggto(Ze) — | 








S Sate: eee ee 


* Cf. Airy, Tides and Waves, art. 309. 
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Substituting the value of 7 as obtained from (151) in the second term in the brackets 


and disregarding the third and later terms, this equation becomes 








1G? 0°& 7/8 ; (aBes salen 
ie Sh y= ~384> 255 7 Sin 2 L—*)]~ Peos2(arr a). (153) 
As a second approximation, assume 
2 ae 
= Sos 150 [(/(L—x)] cos (at+a@) 
A \3 . : 
~3( 4) /?(L—+x) cos 2 [4 (L—.r)]cos 2 (at+a@) 
A™,. 
seer Oren i. /sin 2[/(L—+)]. (154) 
This displacement becomes zero at +=Z for all values of ¢. 
a 3° 
The result of applying vra gh to this value of & is 
3f A oe 
—gh3( 7) /* sin 2[/( L—x)] cos 2(at+a@) 
2 
—igh (cc) f* sin 2[/(L—-x)]. 
This shows that (154) satisfies (153); 
ee _ sin (4. L—-x)] sin (at+a) 
+5 ain HE) cos 2(/(L—-x)] sin 2 (at+a). (155) 


This indicates that the velocity curve is composed of two simple harmonic waves. 
Hence, because of the difference in depth at different stages of the tide, the rise and 
fall can not be exactly of this character. 


The corresponding value of € 4 is, by (130), 


AY cos [M(L—x)] cos (at-+a) - 
+r)" (L—x) sin 2[/(L—-r)] cos 2 (at+a) 


-3( eu)" cos 2 [(L—x)] cos 2 (at+a) 


Cos 
A ™ ee | — 2 
+(<7) f?cos *2 [/(—.x)]cos *2 (at+a@) 


Fn)" cos 2 [((L—-x)]. (156) 








— a a OO 


APPENDIX 6. CURRENTS, SHALLOW-WATER TIDES, ETC. | 287 


At the mouth of the canal, where x=o0, the rise and fall is not exactly in agree- 
ment with the tide outside, owing to the fact that at the head of the canal the horizon- 
tal motion is assumed to be zero, thus implying a reflection to each pulse travelling 
Inward. 

If x’—& be substituted for x in the expression for ¢'4, the term in cos* goes out. 

For a short canal, the harmonic term of greatest importance 1s 


-3( <3 “n) /* cos 2 [(/(L—-r’)] cos 2 (at+qa). (157) 
For such cases 
M 9== 2M 3+ 180°. : 1 (158) 
30. Approximate results, there being a permanent current in deep water.* 
To a first approximation the equation of continuity and of motion may be written 


and 
2 3? 
ar aghly, , (160) 


Equation (160) is satisfied by any function of {ght—x. Consequently one may 
write 


_ af Vght—x 
c= = . (461) 


If U denotes the constant outward velocity of the permanent current, the true 
abscissa of the section is 
x’=x-- Ut+6, 
or 
x=x—-Ut 


) 
if the displacement due to wave motion be neglected, as may be done in the argument 
of the function upon which the height depends. 


a 6 (1 WA=U =) (162) 


If x’=0, €=¢ (¢) expresses the law of rise and fall at the river’s mouth. The coeffi- 
cient of / divided by the coefficient of —x’ gives the rate of wave propagation, which 


therefore is ,gh—U up the stream. 
The velocity of the current at x’ in the flood direction is a 
From equation (159) 


gM paw deo Fla) (163) 


*Cf. Maurice Lévy, Lecons sur la théorie des marées, Chap. IX. 
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h ly for - ght Zo ee as ; 
where zw 1s written temporari y to leg Jpn ad igh U 
eu =—U i as t— 
FY: +H h Jet =0 “oe 
since 
06 _ 98 dw 
ow at 
a! Vgh—U eH Vf ( i) 
SF = U4VEE TE C= FE 
pa UTES rims Gaal Dk (165) . 


This expresses the velocity of the current at any stage of the tide, x’ is positive 
for the upstream direction and € for heights above mean water level. 
Where there is no permanent current 


¢ 95 _¢ & 


= he (166) 


31. Exact results, the cross section being rectangular. 


As before, let x’ denote the actual abscissa of a moving slice of the liquid and x the 
abscissa of the slice before disturbance, both reckoned from any assumed origin; and so 
the displacement §=x’—x. Then the equations of continuity, velocity, and acceleration 
are 





ox" hk 1 
saa ee ee : 
ax Zz, i (167) 
or 
ds 
dx | +> (168) 
I+: 
h 
and 
ox’ 
ae 
ex gg 20p 202 E C 96 — 
9 = yp kde FS hax 8 \ ITA Jy 89 +52 C109) 
Differentiating (169) with respect to x, we have 
Oe Oe dz g%z 
axa? ax87 ax F\ ax) F708 
0? aC 7 
of SCY] co 
and differentiating (167) with respect to ¢, 
x aMae_ Oe ee 
x0F ok Ok SCO a at 


_ pf 19% 200" : 
Line teeta Ge) een 


— a eet et 
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whence 
dh dz 9 02 


ves ot dae ~ax (172) 


The complete solution of (172) for an advancing series of waves of any form is 
=F, (x—tgir2). (173) 
To prove this, assume a slightly more general form for z, viz, 
z=F'(x—at) (174) 
where @ is a function of z. Then regarding + as constant and ¢/ and 2z as variables, 
dz a FF (xa) 


a +P (x— at) — 75) 


similarly regarding ¢ as constant and x and 2 as variables 
Oz F ht = at) 
ax I+tF'(x— ate (176) 





In either case the accent denotes, as usual, differentiation with reference to the quantity 
within the parenthesis. Hence 


02 ' 02 

















ap Ae (177) 
If f is also a function of z, then | 
cj OZ" : 8 39 02 
af at ax! Ox (178) 
For, from (177), 
Oz 02 
ge ae (179) 
and so 
9 297_ 9 39? 
aerate Pax 
Again, 
8 B97 d(@B) 92 02 
Fae ox ' otox dz OL Ox (180) 
2 poe apt p(s | 
ae Pm Bath (181) 
But 4 1p 
d(af) = (078) Ms 
ae = 6° ta = rape + ark (181) 


12770—07 ——I9 
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Because of (177), and these relations, the sum of the last terms of (180) and (181) 


becomes oft ry 


az 9 az_dadze, ate 
aa ae er oe mee) 


From (177) 


This equation taken in connection with 


Ja_ da dz 
0x ~O2 0x . 





shows that the sum of the second members of (180) and (181) is zero, therefore the 
sum of the first members is zero, and so the given equation (172) 1s satisfied by the 
assumed form of z. 


In particular, if one puts a*f=gz, and p=", equation (178) becomes identical 
with (172). 
If F,=F,"', i. e., if #, is such a function that 





FilFeo( )J=C ), (183) 
then 
x=F, (2) + Mth ai. (184) 
From (167) 
ax’ =" 0x 
and so 
_ [2 dF\(2) - hja dz 
v=[" aa dz+tgih"' {2 + funct. /, 
=F, (2) +3 égtel +20 (185) 
if the flow independent of the tide is assumed to be constant. 
If -=/,", 
z=F[x’-— cite zi—k) é] 
=f( at— 186 
= ms oa 1): ee 
2=F (x (ES (187) 
as = k 


is the equation of the wave surface when ‘=o 


ax gx’ dz Ox OE 


Ud je al at Ot ee) 
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From (167) 
hax’ ax’ dz 
z gx dz 9x? (189) 
and so by (175), (176) 
Ox’ dz hoz /dz __ —. 
and by (185) 
ox’ — 
op Ngee te. 
". u=2Ig2—k. (191) 


From this it is evident that in a river without a permanent current the greatest 
velocity of the tidal current occurs at the time of high or low water. 

In case of a tidal river, let the space origin be taken at its mouth and the time 
origin at the time of high water there; then 


z—h=C=2A' cos at 


represents the tide at the river’s mouth and 


; ae! 
C=’ cos | at ED | (192) 


the elevation at any section distant x’ from the mouth. 
From this it is seen that the rate of advance is 


* atm ap (h+6)—k. (193) 


To determine 4, make =o; then the rule found in the preceding section becomes 


accurate, 1. e., the rate of advance up the river is Jg% less U the velocity of the per- 
manent current; 


. 3gh—k=gh—U | (194) 
or | k=2J/ght+U 
", rate of advance 
= git 3 5-3 G4 Us igiats)'-U (195) 
velocity of current | 
=2 (gt) —algh—U=1ghG— Sat -.)-U. (196) 


Hence the velocity of the current at a given point depends only upon the height of 
the tide at that voint. 
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If there be no permanent current, 4=2/g/ and (192) becomes approximately 
€=2' cos (ap rae 
igh 2 \ghh 
Expanding by Taylor’s theorem and using for ¢ its first approximate value we 
have 


(197) 


x A'*ax’ : 
€=A’ cos Ca ea cles 2(at— ey, (198) 
igh“ 4 Aghh igh 


which agrees with equation (136). 
Differentiating (192) with respect to /, the duration of fall becomes 


I 





bres’ (=; ites, ea eee 
aVg(h—A')—k 3 g(htA’)—k ae 
or, approximately, taking A= U+2Jgh/ and neglecting higher power of A’/A, 
ough Ah 200 
474+" (Jeh-U)* (200) 
The duration of rise is 
47r—x’ ae a (201) 
&£ — 


Hence, the difference between these two intervals increases directly with 2’ or 4’; 
it is also greater, the greater the velocity (U’) of the permanent current. 

Since u=2Jg(h+€)—A&, it follows that the times of slack after flood and after ebb 
are given by the equation 


ade $C) 2adgh+ ty? =k=2lgh+U (202) 


Ene U 
2 h 


The flood slack occurs at a time when the height of the river ts viv above the 
undisturbed level. Therefore by (192) 


ee as Se a ee LT i | 
= £2iG DG A’ m2. (203) 


where € has the above value, gives the time of slack water after the time of high water. 
Similarly, the time of the ebb slack reckoned from high water is 


el 21(37_ & _1( 3% tJ ) 
t= cos (= a) ff Seal = +a rau (204) 
The duration of flood is 


cy eel U (205 ) 
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and of ebb 





I 2 fh 
tay U (206) 


When the cross section of the channel is of any given form, its area, which is 
assumed to be constant, may be written % (z). The equation of continuity then 
becomes 

ax _ (A) 
(2) 


One can proceed as before, considering @ and f to denote suitable functions of z. 
For this and other more general developments, see McCowan’s paper already referred to 
and from which the essentials of the work just given have been taken. 

For the equations in &, we have from (170) and (171) 


#47). +64 d aGro Fs vo 100 g 3 CF (207) 
2 


oft If 8" 9x kh OF 


c= 1-3) : (208) 


@ = ve +3 i)- U* 


For (207) is the equivalent of (172) and this latter is satisfied by 


r= ¢— es i») (209) 


k=2 Igh+U, 


This is satisfied by putting 


where 


where 


as has just been shown, and 
3(BAtE 6) 95 gh (:+33- san )\-agh—U. (210) 


32. The equation of motion where there ts a natural slope to the bed. 


Let the variable upward slope of the surface (in going up the river) be denoted by 
/,, the resistance per unit area by /, and the heaviness of the liquid by y. For a broad 
‘stream the hydraulic mean depth is approximately equal to z. The acceleration, or 
force per unit mass, is 


he sa gF 7 (211) 
ft = Sin L— ya 

or 
Q* gk (212) 


if / be the uniform upward slope of the bed. 


* Cf. Levy, l.c., 3128. 
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Since 


x =x—Ut+&, 2z=h+E, 


the above equation multiplied by oe becomes 


F 4 426 fos 
| Sete sin it ‘cS 7 Wo+8 oe ae or (213) 
The equation of continuity is 
Ox’ 7. ae b/ dg __ 
OO HQ, or #25 = bh, or 5( +52 )=(a4y) (214) 


where 2, and Q denote the areas of the cross sections and 6 and 6’ the breadths at x 
and x’, respectively. . 
For a nontidal stream 


(215) 





where /, denotes the resistance per unit area for the permanent stream. 


Equation (213) may, for a canal of uniform breadth, be written 


CSiAg Bias rala$y'- —£i (+7) i) _— 


a ox 
since 

ax! e\—I. 
Ox =1428 =(:+5) ’ 


or, approximately, 


iG) 
a ete a 1H87(3 —$)=- 8S. h (217) 
In this sane Fis supposed to be a known satis a wz where 
| a ie 
= cv = aa 


_.xpressions for Fare given in sections 7 and 8. 
This equation is treated in some detail by Lévy.* His results have more especial 
reference to the assumption that the resistance is directly proportional to the velocity. 
Supposing the slope of the bed to be negligible and the amplitude of the wave small 
in comparison wjth the depth, equation (213) becomes, approximately, 


G5 gf _ as 


et yak hy (218) 


which equation 1s obvious upon recalling that y/g = density or mass per unit volume, 
and 4 = depth or volume per unit area of bottom. 





*L.c., secs, 138-141. 
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If 
= eae eee ta, Oe A 
F=+60'u' 2g + €u 2g" (219) 


M6 5G +54 oak SS (220) 


where the upper sign goes with the flood stream and the lower with the ebb, & being 
positive in the direction of the flood. 
If the bed has a slope, the corresponding equation is 


then 


7s PE 
at ate sin /=gh ry (221) 
If the cross section has a variable width, the equation is 
ve © a8 € 0& gh (9G 196 96E\ __ 
Fi =(3,) tok oe 5 (e- bax ax) ° (222) 
since the equation of continuity for long-wave motion is then 
ms 066 
Tae aT , (223) 
and the force of restitution per unit mass 1s 
) 1 06g 
b Ox . (224) 
a ae } 


It is evident that a solution of (222) involves the law or function connecting 4 and 
x, i. e., connecting the breadth and length of the river. 


33. To find the form of an estuary the undisturbed depth of water being constant, 
and the tide wave progressive. 


The energy contained in a wave length, the amplitude being 4’ at a given cross 
section distant + from the sea, is 


- y A’ bh, (225) 


- where 6 denotes the breadth at the same cross section. 
For, the potential energy of a wave length is 


$ 
yh | abda=" yrG* b (226) 


where € denotes the elevation of the free surface; or rea A” 6 if the oscillation is 


harmonic. 
The kinetic energy is 


x= 


bh ft ax (227) 


aa 
ae x=0 
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or ae 6hA* if the oscillation is harmonic. Since v=, and so A=a' J. 
the kinetic energy 1s ; yrA” sd. 


The total energy of a wave length is 7 yr A” 6. 


This shows that if the energy of a long wave remains constant, the amplitude of 
the tide in a canal of slowly varying section will vary inversely as the square root of 
the breadth and inversely as the fourth root of the depth. 

The energy contained in a wave length whose amplitude is A’,, at a cross section 


: : I 
distant x,, from the sea is, of course, 5 y\A’,76,,, where 6,, denotes the breadth at the 


upper cross section. 
The resistance for a slice d x in length is 


C = wbdx, (228) 


This quantity multiplied by the distance the water particles of the slice travel during 
the time d /, or « d ¢, gives the energy consumed upon this elementary slice during the 
time d /, viz., . 


¢? iv ubdxat (229) 


or 
4 o Y_ A bdxdt 
ae a | (230) 
if the oscillation is harmonic. Replacing 4 by 4’ a and integrating from ‘=o to ‘=r, 


and from +=+x to x=," the energy consumed during the time 7 on the portion of the 
estuary above x and below +~,, is 


T4,,YV aaa gt 
eee Se ad ee SB A£o 
3 7° > ¥ A"6 aa ax. (231) 


=X 


Since the energy of a wave where the breadth of the channel is 4 must equal the 
energy consumed between += and x=” during the time 7, plus the energy of a 
wave where the breadth is 4,,, it follows that 


A" bia D4 nee 3 gt 3 
ies A® 6 dx+A',; bp. (232) 
A= KX 
fig Aba 
— 3 x hk a +A 4} b,, (233) 
A=2X 


since A/r= gh. A’,,, b,, are the values of the amplitude and width at x=~,,. 
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Assuming the depth to be constant, the above equation shows how 4’, 4’,,, 56, and 
6,,, are related. Hence, if the amplitudes of the tide at two cross sections and one of 
the widths of the channel be given or one amplitude and two of the widths, the remain- 
ing width or amplitude can be approximately inferred. 

Spectal cases.—Suppose A’=constant; then, differentiating with respect to x, we 
have 


ee (234) 


The general solution of this is 
log 6=—KA'x + constant 


or 


b=Ce KA (235) 


4 C" 
3nh* 





where C=constant and A= 


Where x+=0, . 
5=6,, and so C=4,; 
.. log 6,—log 6= KA'x. (236) 


Since A =A' sf , It follows that the average velocity of the tidal stream is the same for 


all cross sections. This assumption seems to be reasonable or even fundamental in the 
formation of estuaries; for, if at any point the velocity were unusually great, the banks 
would there be more eroded than elsewhere by tidal action, and so the width would there 
increase and the velocity be reduced in the same ratio. At any rate, for purposes of 
commerce, the velocity and depth should be made as uniform as possible. 

Wheeler, on page 183 of his treatise on tidal rivers, gives an empirical formula for 
the breadth of a tidal river at different parts of its course. He applies his formula to 
the Humber River, the width being known at each end, i. e., at Spurn Point and 
Goole. His results are quoted here, and to them are added the values obtained by 
equation (236) using the same assumed data. 


River Humber. 












Width calcu- 
lated by aver-|. Width by 
age rate of in- formula (236) 
crease 








| 
Distance from Mean low 
Spurn Point | water width 









Wheeler's for- 
mula 










{ A 
i, | rrr fm 


| Width 
| 
| 
| 






| 
Slat. miles Feel Feel 









oO 18 coo 18 000 

5 10 800 12 935 
15 - 7 392 6 505 
20 4 950 4 687 
25 3 300 3 441 
40 I 320 I 281 
45 924 924 







In this computation A was determined from the known or assumed end widths and 
the distance between these two sections. 
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Theoretically, only one width is necessary for the determination of all others. 

In case of the Humber River, the low-water width at the mouth is 18 ooo feet; 
required the width at a distance of 45 statute miles up the river. The average value of 
A’ is 7 feet; the depth 4, about 35 feet; and ¢’ may be taken as 0.007. These make & 
0.000 002 43. The required width is, according to computation, 316 feet, which is about 
one-third of the measured value. Ofcourse only a very rough agreement between theory 
and fact could be expected in such cases—hardly more than an agreement in order of 
magnitude. 

Suppose the width of the stream to be constant. The equation (233) becomes 


X=AXy 


avon AS dx+/A’,}, (237) 
of. J=4 2s +constant, (238) 


where constant=1 4,. This shows that the relation between the amplitude of the tide 
and the distance + can be represented by a hyperbola. 
For a short distance, x,,—x, the above integral becomes 


A" — A! f= KA" (4,,—2X); 
K 
. A',, = ee (%,,—2X), (239) 


Starting with 4’ at the mouth of the river, the value of 4’,, can be computed by 
this formula for a section a few miles higher up the river; starting’ with this value of 
the amplitude of the tide, and proceeding as before, the value for a section still higher 
up can be found; and so on. 


34. Harmonic constants for shallow water components, and related quantities. 


The following table contains the constants for the principal shallow-water tides. 
The second set of values of S,, MS, S{, and MS? are inferred in accordance with section 
48, Part II, and are given for the purpose of testing this mode of inference. The high- 
water and low-water intervals have been computed from M, and its harmonics in accord- 
ance with Part III. The tidal or cotidal hour is not the time of the M, tide alone, but 
is the hour obtained by using the high-water interval. It should, for each place given, 
agree with the tidal hour taken from a chart of cotidal lines (Part IV B). 
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175 
184 
186 


195 


COAST AND GEODETIC SURVEY REPORT, 1907. 








| 
Station 

Lati- 

tude 

EAST COAST OF AMERICA see 
North 
Beechey Island, Barrow Str........ 74 43 
Port Leopold, Barrow Str.......... 73 50 
Kingua Fiord ...........0...006 oes 66 36 
Godthaand scoveiisowtineee ows 64 12 
Fort Conger, Discovery Har....... 81 44 
| St. Johns, Newfoundland.......... 47 34 
[ QUO BEC isc eae siiid nae ties ances enetes 46 49 
St. Paul I., Gulf of St. Lawrence...| 47 14 
Ha PAS eo ise: ek Kade osnca tates 44 40 
| St. John, New Brunswick.......... 45 14 
| Fast port isc caces has eat neeacteate ek 44 54 
Pulpit Harbor... ..........eeeeeeees 44 09 
Portland oi i ensasieess ee Heise 43 40 
BOStON osiswiis soe 8 Se ise er ier Shwe 42 22 
NGWp0rt 2. icoegs asie Gaara neers 4l 29 
BristG) issn ee evas tadiesewee st 41 40 
| Providence... ...... 0. . cee ee ce eeeee 41 49 
New Tondon............... ee eeees 41 21 
Willets Point........... .... ee eeee 40 48 
New York, Governors Island...... 40 42 
Sandy Hook, The Horseshoe...... 40 27 
Philadelphia, Washington Ave ...| 39 56 
Old Point Comfort ................ 37 00 
Washington Navy-Yard, D.C...... 38 52 
Baltimore, Fells Point ............. 39 17 
Wilmington, N.C .............66.. 24 14 
Charleston, Custom-house wharf. . 32 46 
Savannah Entr., Tybee I. Light...) 42 02 
Fernandina, Dade St............... 30 4! 
Key West, Fort Taylor.......... .. 24 33 
Tortugas Harbor Light............ 24 38 
Cedar. Keys isviicé cx eee ee ea eee 29 08 
St. Marks Light, Apalachee Bay ..| 30 04 
Warrington Navy Yd., PensacolaB.| 30 21 
Biloxt. LAgHt esiosy ese se 1 sae seeds 30 24 
Cat Island Light................... 30 14 
Port Kads, South Pass, Miss. R...., 29 o1 
Galveston, Doswell’s wharf........ | 29 19 
TAMPICO 26. iene agonuns ee Qaosebe’ | 22 16 
Veta Cruz ..sccecscceccencessoccacs: ! Ig 12 
Nassau, Bahamas................+- 25 05 
Great Harbor, Culebra Island ..... 18 18 
Sam JUAN... cc cece ee es cecs cree eenes 18 29 
Ponce, Pu RR ccsctutessereseevigicens 17 59 
South 
Pernambuco (Recife Arsenal)..... 8 04 
| Montevideo .............05 cee eee 34 §3 
| Buenos Ayres, La PlataR.......... 34 36 
| South Georgia (Royal Bay)........ 54 31 
Port Louis, Berkeley Sound '  §I 29 


Port Louis, Berkeley Sound ....... | 





Geographic position | 








| M,” 








Longitude M; 

Arc : Time ; 

of | hm, | Ft. 2 
Hest | 

92 00 6 08 | 2.00 | 347 
go 25 6 02 | 2.00 , 338 
67 20 429 7-43 | 159 
5144 | 327 4.46 | 193 
64 44] 419 | 1.96 | 335 
52 41 3 31 «1.17 209.6 
Ft 12 445 5§.80 186.9 
60 08 4 oF | 0.98 | 245.4 
63 35 4 14 2.04 | 223.5 
66 04 | 4 24 10.04 | 324.7 
66 59 4 28 | 8.58 | 326.1 
68 53 | 436 4.89 | 320.4 
70 14| 44! I 4.34 | 323.6 
71 03 444! 4.44 | 335.4 
71 20 4 45 | 1.66 | 217.5 
71 16 4 45 | 1.90 | 222.4 
71 24 4 46 2.02 | 228.1 
72 05 4 48 | 1.14 274.1 
73 46| 455, 3-65 | 328.6 
74 O1 456 | a 231.0 
74 00 4 56 | 2.22 | 217.6 
7509) § 01 2.46 | 43.5 
76 18 § 05 | 1.22 | 248.4 
76 59} § 08 | 1.43 | 227.9 
76 35| 5 06 | 0.57 | 190.2 
77 57 Se BSS Eat Ss) 29868 
79 §6 § 20 | 2.48 | 213.6 
80 §1 § 23 ' 3.22 | 209.5 
81 28 5 26 2.85 | 228.3 
81 48 5 27. 0.56 | 260.3 
82 53 § 32 | 0.48 | 278.1 
83 02 5 32 1.06 24.4 
84 11 § 37 | 12, 43-5 
87 16 5 49 | 0.06 | 317.0 
88 54 § 56: 0.11 | 11.3 
8g 09 5 57 | 0.12 ! 11.0 
89 Io 5 57 0.06 | 316.5 
94 47 6 19 | 0.22 | 124.5 
97 49 6 31 0,08 | 62.6 
g6 08 6 25 | 0. 20 74.6 
77 «21 § 09 | 1.24 | 213.4 
65 17 4 21 ' 0.29 | 241.2 
66 07 | 4 24 | 0.49 | 246.3 
66 40 4 27 | 0.03 | 280.0 
34 54 2 20 | 2.49 | 133.6 
36 12 3 45 | 0.19 | 34.2 
58 22 3.53 | 0.81 | 184.7 
36 o1 224 0.74 | 213 
58 00 157 


352) 14 





De- Lunar 
grees! hours, 


. 87 
10, 68 


9-74 
7.12 
6.98 
7.61 


9. 27 
0. 81 
1.45 
10. §7 
0. 37 
0. 37 | 
10. §3 
4.15 | 
2.09 
2. 49 
7.11 
8.04 
8, 21 
9- 33 


4.45 
1.14 
6.16 
7.10 


5- 23 | 


iv 
| 


o. 48 
1. 37 
0. 33 
0. 45 
1. 62 
1.40 
0.77 
0. 68 
0.71 
0. 38 
0. 43 
0. 44 
Oo, 21 
0. 64 
0. 41 
0.43 
0. 34 
0. 23 
0. 20 
0.08 
0. 10 
0. 43 
0.59 
0. §1 
0.17 
0.17 
0. 42 
0. 44 
0. 03 
0. 09 
0. 07 
0. 04 
0. 04 
0. 03 
0. 06 
0. 21 
0. 04 
0. 07 
0. 02 


o. 87 
0. 04 
0.17 
0. 38 
0. 49 














195 ie 068 

















_ 4 
I \ i 
Pore 
| Sy? | Mg ; My? Mg | 
| 
| 
o | F.| ° i 
| 
34 '0.024 268 |...... 
29 lS O15 | 202 | senate i 
229 N ersoe ree eae . 
Ig 0,018 | 322 hygiene | 
254 lo. 020 | 48 (0.020 
236 0, gol | 283 9. 228 
287 ‘0.017. 176 ‘c.003 , 
258 'o.116 25 (0.013 | 
4 bite 146 ‘0.092 | 
6 lo: 208 | 180 ° 171’ 
355 a 025 143 0.120 | 
° 0.034 | 75 '0. 042 | 
14 058 | 164 0. 189 
237 0.179 120 0.011 
233 ‘0. 292 | 1394 eausé | 
252 0.344 -1§0 0.087 
288 ‘0.064 62 0.039 
352 0.096 | 211 0.210 | 
257 lo. 087 | 332 . 076 
246 0.026 | 336 0.054 
82 ce 368 | lo. 212 
269 lo. 039 | 244 0.016 
271 '0. 083 350 |0. O21 
225 pcott 329 |0. 006 
344 0.183 | 149 0.026 
240 ee 242 |0. 025 
235 (0.058 | 287 0.021 
258 0.030 | 295 lo. 032 
280 lo. 036 235 |0. Orr 
292 0.010 | 297 |0.004 
5! eon 276 [0.012 
73 | ecueeal eaauoeleeuas: 
315 0.008 | 318 |0. 001 
32 0.019 138 (0. 003 
7 ee Pee eee 
‘0. 006 QI |o. oor 
134 °, 002 128 0.004 
73 |0.004 63 citeeee 
355 0.009 | 247 jo. 008 
237 lo. o17 65 |0. 006 
266 |0.017 40 |0. 009 
267 0.007 84 |0. 007 
264 '0. 007 57 |0. 001 
151 lo.050 | 243 !o.o11 
318 0.034 | 146 0.012 
266 0.073 go jo. 018 
236 0.01 308 | ..... 
357 |0.012 
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| S:\?)  2S:| S| 3 
t ° c at Be alt 
M? | S, | S° | MS |MS9, m x es sis m,(>) : Mam, pif J% | HWI! LWI tidal 
; | J fl | (easy |=ms)! + id re 
| z | 2 me 
Meche leevccelecncccleccecslencee| O35 |O,0%2 |......| 66 4 O5003. VEOOIF fo asco ol etalon deal eeeeat 6 
ieee 0.007 , 257 er ee 0.32 | 0.008 |......{ 114] .....| 0.002 | 0.010 304 a rere eee 7 
ese gend phere ides. eters we ge| OPIS: Ihhene ye daawee|SGaead SA eel eee e sere autos elites leek oc aeeebaevuaes eases AS 
Renner fr are fetal ate OS acfalt OC RG | bi reetl ame ert Nem jes hatna lida ee oa malate tells Ul Ore a ea es Reel Dea a 
So Cn en + 0.45 | 0.009 |....-- 348 |...... 0.004 ' 0.016 9... ele ee eens Poo oo 25 
WAG doo leeas eeeeee coeee] O41 | 0.018 [0.017 12] 285 0.003 | 0.016 |.....0'..0..., 718) 1 08 28 
258 © 053 35 0.478 | 337 | 0.24 | 0. 1§5 [0.039 Qt | 303 | 0.052 | 0.432 21 332 | 604/ © §2 32 
$08 na eiae boalas 0.004 | 21 ' 0.34 | 0.017 [0.003 | 314 68 | 0.002 | 0.012 260 218 | 830! 212 36 
72 (0.021 | 313 ,0.060 | 154 | 0.22 | 0.057 |0. 006 62 | 238 | 0.006 | 0.051 94 60 | 733! % 46 40 
173 [0,010 | 208 '0.047 179 ; 0.16 | 0.012 {0.009 | 143 81 | 0.003 | 0.03% 225 185 | 11 08 | 459 42 
BES oko oad Yona ly ag aee bests 0.16 | 0.024 0.020 | 113 16} 0,005 (isi sicealic. cesleccceds 11 09 | § 05 44 
62 |0.005 9 0.021 | 325 | 0.16 | 0.005 |0.02§ | 138] 179 | 0.001 | 0.008 212 oy al eee eee eee 45 
71 Dee tl es heen 0.16 |0.008 jo.o10 | 212 | 180] O.o0O1 |........)..... cle ce eee Ini] 456 46 
DOP odie Headed ea he bee eb 0. 16 | 0,013 [0.043 146 25: | <O,001) “lssseekicliccuesleceeuus 11 28 5 18 50 
P27 cetera tay wae eine 0,23 | 0. 108 |0.Co7 | 315 TOG -O009) eedeeali ee elias ees 744; 049 58 
Saat: ree Looe etnies O99 VO216 4 lect cicel BIO" etek OSOIS.- ak eos sclinn of Wie aioe 59 
OA) SecKes crests l aheeseee ..«+ | 0,22 [0.170 |0.043 | 307 oa MMC © RA cy Gm cee ee | Oe Ld eee en eee (eee 60 
144) oteaealncese se eees er | 0.18 | 0.056 |0. 034 126%). 398-1 L008 ioenteea aa ged een 9 27) 330 63 
84. \escaes Poe eee ee (+++) 0,18 | 0.026 0.058 $7: 18a |: “Os00g. ie teal sevens. icant al 110g} § 22 66 
89 ee eed RRen Meraulers nates 0 19 10.041 0.036 | 130) 244 | 0.003 |[.....-.-)..... fee eee 8 04 | 2 05 67 
B54 art ol eaa hatledeut ewes 0.19 {0.012 |0. 024 99 | 300| o.oo1 |........)......]....... 735. 127 70 
206 | selena tah ieee ebeocuate ..e. | O14 [0.149 10.045 | 80] 2841 0.007 |....... [..... [....... 122 8 34 77 
191 th exes ..e-s OTY |0.032 10.013 | 253 | IGM] 0.008 |[........[..0...].. eee 8 44 | 2 15 85 
B30 ci merie 0.024 207 | 0.14 |0.058 {0.01§ | 106 | 242 | 0.0016 | 0.0232 76 331 752 2% go 
18S | SySew-oeake ia 0.14 | 0.019 [0.011 51 26 | 0,0002 | 0.0031 39 4| 629 |, 0 23 95 
278 Vcnces pore 0.033 | 201 | 0.09 | 0. 1§9 0.023 76 | 239 | 0.0014 | 0.0318 | 252 201 | 937 £47 98 
BIL Loses ao eee ree | 017 0 036 |o.o10 | 185 | 329 | 0.0027 | 0.0311 | 295 268 | 725 +1410 
yo a a ee eer re 0.18 | 0.018 [0.007 | 132 | 343 | 0.0019 | 0.0212 | 338 312; 711 | 1 05 
8 0.028 V2) | ister ieee 0,18 | O.O1T 0. OL! 161 | 317 | 0.0010 | 0.0107 | 355 325 | 7 54| 1 43 
180 4 oiaxves patie heueeall aod yeh van Meaney 0. 30 | 0.064 [0.420 | 285 | 240] 0.0033 | 0.0219] 275 255 | 9 20] 2 36 
183 | Laud host ned valine ae eas au & 0. 35 a 021 [0.008 | 259 | 291 | 0.0013 | 0.0071 | 325 31r | 944; 321 
OO. eres a teeelia Sts 0.40 | 0.051 0.011 | 133 | 343 | 0.0085 | 0.0428 | 329 R02 oeebs.5 | Sida as| waar 
Oe es eee oe oe Oe Ceo ence co Cece 
359° | eataela wae freee Watagee 0.50 | 0.133 0.017 | 316 | 232 0020 | 0.0080 | 314 316 | Ir 19°) «64 08 
205 | cde tale Rg ee earner ee ere | 0.82 | 0.173 |0.027 | 244 | 189] 0.0127 | 0.0312 | 180 I§Q jeee cece lieu esd peeeueaeetelon 
geateees eee oe Cee ee O55) odo 5 eect eee a awe sede ieee pee alee lad |\ansavaamens ore aun eat wee a | gardai 
46 |. cece eee ee eleveee cies «| 0.67 '0. 100 10.017 | 182 | 184] 0.0027 | 0.0080 Td cise neni en) Seabed 
207). 2s St soa ehian has .--. 0,18 Sees 0.018 | 121 | 345 | 0.0001 | 0.0007 | 147 138 | 418 10 33 
ee rer er ee ere ee 0.38 |0.0§2 |......; 62 )......| 0.0006 | 0.0032 84 74 200 | 8 34 
437 ives reer Menara Cre | 0.30 0.045 {0.010 | 262) 246 | 0.0008 | 0.0005 88 IGS iestssian ewan iegh leteices 
279 0.004 | 319 |...... LB ud Se 17 | 0.014 |0. 005 1 1 | 0.0005 | 0.0058 | 112 89 | 7.22! 109 
BA icc cud Siees see Seern ls eae 0.14 | 0.059 0.032 83 32 | 0.0003 | 0.0048 89 64: 804; 214 
BOB No cw eee wre aca ts lise Sagan bckew aes | 0.14 | 0,013 [0.013 49 71 | 0.000% | O.cOIg | 125 105 | 8 23 | 215 
58 |...... eo ee eee | 0.67 , 0.233 0.033 | 143 | 63 | 0.0031 | 0.0093] 25 41 | 828] 3 37 
ROT (aot el eearcuts ad gies Liner | 0. 35 | 0.020 |0. 004 24 99 | 0.0061 0. 0349 278 260 | 4 33 | 10 50 
B49) lo itaet lowers Wieeeet .eee | O21 (0,018 10.063 | 283} 129 | 0.0015 | 0.0145 | 353 69, 141 | 5 46 
oo ae rege ae Pr reeeaes eae ee Ne awin 0.21 | 0,090 [0.022 | 280! 262 0.0032 | 0.0307 | 252 171; 6 50 | 12 2% 
++ [0,004 oe ree are pacer 0.51 | 0.00% |...... TIS: ioncce: 0. 0026 | 0.0103 | 354 i a pears naa es ener 
76 0. 007 64 |...... ie 0. 32 | 0.044 [0.008 | 317 35 | 0.0069 | 0.0432 73 85 lictacha eeeawpeesens 
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Geographic position M, 
No. Station. Longitude Mg Ss S,° M,° 

Lati- De- {Luna 

tude | #3| | grees | hours 

Are | Time 
WEST COAST OF AMERICA a RO Ec ok | A. | Fee | © ° 
i South | West 

201 Cape Horn, Orange Bay, Chile ....; 55 31 | 68 05 4 32 | 1.93 | 104 3.47 | 0.30 | 134 197 
205 Valparaiso, Chile. ................4. | 33.02 | 71 39 4 47 | 1.65 | 279.2 | 9.31 | 0.47 | 300 147 

North 
210 Panama (Naos I.).............+008- 8 55 | 79 32 518 5.93 | 86.7] 2.89] 1.66| 144 358 
215 Magzatlan............ Rie eee ree 23 11 | 106 27| 7 06 | 1.08 | 265.2] 8.83 | 0.74| 254 294 
217 Magdalena Bay..................+. 24 38 | 112 09 729 1.59 | 244 8.13 | VO | 253 |-cocecfecsccche coves 
218 San Juanico Bay................... 26 15 | 112 28 7 30' 1.72 | 246 8.20 | 1.02 | 2§2 |. 
219 Ambreojos Pt., Ballenas Bay....... 26 43 | 113 34 7 34 | 2.14 | 261 8.70 | 1.07 | 275 J.cesccleesccsbeccess 
221 San Diego, La Playa, Cal ..... -eoee] = 32 42 | II7 14 749 1.70 | 276.6 | 9.22] 0.70] 275 18 jo. oro 
224 | San Francisco Entr., Fort Point...| 37 50 | 122 28 | 8 10; 1.70 | 330.7) 11.02 | 0.38 | 335 32 
225 SAUSAUO ois sowie tes oeeaeee 37 51 | 122 29 | 8 10 | 1.57 | 336.7 | 11.22 | 0.35 | 348 55 
227 Astoria, Oregon................ ... 46 11 | 123 50 8 15 | 2.97 8.6 | 0.29 | 0.77 39 317 
230 Port Townsend ................-+--| 48 07 | 122 45 8 11 | 2.22 | 105.6 | 3.52 | 0.55 | 130 290 
235 Victoria Harbor...............-.0. 48 25 | 123 23 8 14 | 1.22] 68.8] 2.29 | 0.33 86 317 
241 Sand Heads, Fraser River..........]| 49 05 | 123 16 8 13 | 2.81 | 142.0 / 4.73 | 0.69] 171 297 
246 Seymour Narrows, Discovery Pt...| 50 08 | 125 23 8 22 | 2.93 | 70.9! 2.36] 0.62 | I00 253 
248 Porte Alice 65.6.5 tisesieedes dee ees §5 48 | 133 36 8 54 | 4.04 1.3} 0.04 | 1.30 34 4! 
250 Sitka, Baranof Island.............. 57 03 | 135 20 9 O1 | 3.58 2.8 0.09 | 1.14 34 140 
251 Sergius Narrows......... ......... 57 25 | 135 38 9 03 | 4.93] 11.7] 0.39 | 1.66 45 230 
251.5 | Hoomniah. ..........escescscseeeccees 58 07 | 135 47 9 93 | 5-97 | 14.2| 0.47 | 2.03 48 218 
252 Port: AlIKhOrp 3 6s52cheneeteieceeedes 58 07 | 136 17 9 05 | 3.61 | 353.5 | 11.78 | 1.13 35 329 
252.5 | Granite Cove............... ee ee eeee §8 12 | 136 24 9 0 | 4.01 §.9 | 0.20] 1.29 38 204 
255 Kokinhenic Il ............... 0.0000. 60 18 | 145 03 9 40/ 1.12] 11.9] 0.40 | 0.28 §1 13 
256 Pete Dahl Slough .................. 60 23 | 145 24 9 42 | 3.52 | 12.7 | 0.42] 1.05 46 296 
259 Orca, Prince William Sound....... 60 34 | 145 41 9 43 | 4-52 | 357.7. Ir.92 | 1.61 40 138 
260 Orca, Cape Whitshed .............. 60 28 | 145 55 9 44 | 4.42 8.4 | 0.28 | 1.56 44 231 
261 Camp April cciss veciss cases Wi eeien 60 32 | 146 00 9 44 | 4.54 | 356.0 | 11.87 | 1.53 32 138: 
262 Valdez Arm,....... ccccesossercrees 61 07 | 146 27 9 46 | 4.51 | 353.7 | 11.79 | 1.52 25 14! 
265 Kodiak (St. Paul), Kodiak Id...... 57 48 | 152 21 | 10 09 | 3.23 7.7) 0.26] 1. 40 97 
267 Peterson Bay...........--.-...e00.. 54 23 | 162 38 | 10 51 | 1.92 | 354.8 | 11.83 | 0.73 18 290 
268 Tigalda Bay............. Staveeeyes 54 05 | 165 10} 11 or | 0.38 | 60.1! 2.00! 0.28 5 265 
269 Unalga Bay ............2005 sence 54 00 | 166 10 | 11 05 | 0.61 | 105.2 | 3.51 | 0.13 | 304 280 
270 Dutch Harbor...... esa ranecesas §3 54 | 166 32 | 11 06 0. 86 111.5 3.72 | 0.07 | 350 280 
271 Kaskega Bay................+. ----|  §3 28, 167 05 | 11.08 | 0.71 | 95.5, 3.18 | O.17 92 15 
ao | St. Michael................ecceue ees 63 ag | 162 02] 10 48 | 0.55 | 235.4 7.85 | 0.12] 338 150 
285 Port Clarence 66 vss iin ieee esc olen 65 14 | 166 24 , our 06 | 0.47 | 213.4, 7.11 | 0.03 | 346 301 |o. 
295 Point Barrow ........... eee ee cece 71 18 | 156 40 = 10 27 | 0.17 | 336.2 | 11.21 | 0.07 16 319 |0. 003 

EAST COAST OF ASIA East 

342 Yokohama (Nishihatoba).......... 35 27 | 139 39 9 19 | 1.57 | 154.3; 5.14 | 0.73 | 185 |0.048 98 
392 Napasall 06 scdiescacsewseteacaueeal 32 44 | 129 5! 8 39 | 2.84 | 228.9 | 7.63 | 1.17 | 259 |..---.]- wesw. 
420 Chemulpho, inner harbor.......... 37 29 | 126 37 8 26 | 9.43 | 107.8 | 3.59 | 3.84 | 187 0.278 67 0.079 
425 Tientsin Entr., Taku Lightship ...| 38 55 | 117 52 751 | 3.47] 94.4, 3.15 | 0.53] 157 (0.28% 99 leases 
430 Shanghai, Wusung Bar............ 31 23 | 121 30) 8 06 | 3.11 | 30.3) IT.04 | 1.03 77 0.700 | 331 |...... 
435 Amoy, inner bar.................6.. 24 23 118 to 7 53 | 6.12 1.2 | 6.04 | 1.34 57 0.042 Q2 |..... > 
436 Swatow, China..................06. 23 23 | 116 39 747 | 1.35 | 23 0.77 | 0.32 86 '0. 228 | 154 0.053 
438 Whampoa... .... cece cece ence enone 23 05 | 113 26 7 34] 2.18 | 32 1.07 | 0.67 64 |0. 160 | 313 |...... 
440 HONGKONG i. seewee series ceee iwsans 22 18 | 114 10 7 37 | 1.43 | 266 8.87 | 0.56 | 292 |0.076 | 322 [0.014 


49° SiN@APOre «6.6204 snas saws an eSeadw ses 117 | 103 §1 6 55 | 2.60 | 300 10.00 | 1.07 | 348 j0.053 | 264 0-035 





ql 
Jes (Fe 8 

S |S. | 3. 
Mo! Ss | se | Ms so] S: | Me] Me) & | & m,(>) Mass | oF i& | Hwir| Lwr tidal 
| M, | M, | M; Si | wes hour 

dtd | cms, Ms] $- |] 44 

S| 3 aan eae 

“ > | a 

S195 eee Gries leace aces 0. 16 | 0. 008 |0. 009 11 | 3§9 | 0.0004 | 0.0048 | 257 227 | 335 | 949 | 8.00 
107 cogs ates slenveseeees 0. 28 | 0. 004 |0. 002 51 10 | 0.0006 | 0.0039 | 189 168 | 9 37 | 3 26| 2.07 
7: eee eee eee 0.28 0.037 |0.007 | 176} 343] 0.0171 | o.122r ) 112 551 259| 913] 8.18 
40 ssG ceakl aweseliweees-coaes 0.69 |0.013 |o.o11 | 236 46 | 0.0066 | 0.0192 | 272 QS 9 Necsutickseeeaeepoeeaons 
eee ee aie ele ace eeeaeod | SR poeeee O08 cares arena he ee Pe ee a ae de Ge fein eed ede lena hte wees ealwaxsane 
taietls legal wae Peale ees uicerta | COMBO. | Sides vba ceusic fe oate eV aa nw leadiegr tual Soke Wl eehleeeleaeeeu le mara wawwedt oleae. 
eee ad era eae ee ene eee oe O60 Scco ase erases ¥ oaeaan eae une ce ies oieetll aesonatauplae a ote Glleeaet a% 
Pid easel cones oe eaten. 0. 41 /0. 015 0. 006 71 358 | 0.0044 | 0.0214 183 185 | 9 32| 3 20| 5.03 
0 7 a eaeeeeeaia Sermrt are are | sane 0. 22 0.051 |0.007 | 269 | 290 | 0.0043 | 0.0385 41 36} 11 39 | 503, 7.42 
BIB orcs Glegeawwlitany @ steak | 0,22 [0.021 Jo,013 | 258 | 312 | 0.0016 | 0.0145 78 G6 Vescns sil eheae elas pa ees 
TOG otisoreie Sens 0.054 | 340 | 0.26 | 0.033 jo.o11 60 | 280 | 0.0068 | 0.0517 18 7! 015| 642] 8.50 
ri, a ene ee 0.067 | 313 | 0.25 |0.0§9 |o.o1§ | 281 84 | 0.0081 | 0.0635 | 339 314 | 3.47} 9 32] 13.8% 
176 Ne cebu shui lncdresel ete 0. 27 |0.046 |o.035 | 181 30 | 0.0041 | 0.0306 | 351 334] 217; 8 31 | 10.44 
VE css Sls res 0. 002 | 268 | 0. 25 | 0.003 |o.009 | 347 55 | 0.0005 | 0.0039 | 356 AIG oldies ean eeaueens 
144s | be cheatleanga areca aloes © 21 ]0. 124 }0.048 | 248 81 | 0.0163 | 0.1537 | 312 982 cist al ates |eiiaw en 
BSF liavens leah va el eceants cates | 0.32 |0. 012 [0.044 | 322 { 107 | 0.0050 | 0.0307 | 105 73 | 003] 612] 8.95 
OAs ori eee ha evewletencelatiess 0.32 [0.004 |0.001 | 225 | 275 | 0.0013 | 0.0083 | 203 172 | 007] 618] 9.13 
BG ede civlisveks waa enacs 0. 34 [0.020 |o.009 | 153 | 306 | 0.0coIr | 0.0671 | 297 264} 025/|] 6 41 | 9.45 
BOe Bea elated nee ie 0.34 [0.012 [0.003 | 171 23 | 0.0080 | 0.0469 | 285 252 | 029] 6 42] 9.52 
990! WcceGcks [osc 62 las eee eas 0. 31 | 0.005 |0. 016 18 16 | 0.0018 | 0.0113 5! 10} 12 10| § 58 | 8.8% 
rt a eee eae een ne ee eee a 0. 32 |0. 009 |0.007 | 168 | 330] 0.0038 | 0.0232 | 268 23% | 013 | 626] 9.31 
RAD cb btuley gees lene aes lead 0. 25 | 0. 284 |0. 047 11 50 | 0.0199 | 0. 1600 9! §2| 014| 6 42] 9.89 
BEG cacwlaiag lees aes leer 0. 30 | 0.053 [0.024 89 43 | 0.0168 | 0.1126 3 329 | or | 645] 9.88 
20 -beeseei lesen sleewees ales 0. 36 | 0.037 |o.019 | 218 | 323 | 0.0212 | 0.1190] 222 180 | 0 05 | 607] 9.80 
| Ok nara Cera Deer arian. nares 0. 35 | 0.082 |0.032 | 145 14 | 0.0454 ! 0.2564 | 303 267 | 004/] 6 36] 9.80 
199 eases ewe latencies 0. 34 | 0.013 [0.005 | 214] 219 | 0.0070 | 0.0431 | 210 174 | 12 20| 604] 9.65 
190: | oo sec| eve cula tease gers 0. 34 | 0.020 0.006 | 206] 151 | 0.0102 | 0.0604 | 204 173 | 12 13 | § S| 9.57 
7 Ko i ener) eer ae ar Nee 0. 33 | 0.012 lo.0o10 | 279 | 144] 0.0042 | 0.0254 | 161 129 | 017] 6 23 | 10.42 
GC eeiceh wobeleaeee ees 0. 38 | 0.628 |o. 033 59 | 340 | 0.0077 | 0.0404 | 337 313 | 12:13 | 6 10] 10.65 
83 ae eee ee eo .74 |0.068 jo.o19 | 215 !, 97 | 0.0rgt | 0.0381 | 155 210 | 0 08 | 8 §§ | 11.15 
BOF. i dcda ase | Peace t6raillesars ee 0. 21 | 0. 069 0.070 | 291 | 312} 0.0020 | 0. o184 | 317 18 | 32, 8 56| 2.43 
O98 odo lbvaws: | Sees eras 0, 08 | 0, O10 eee 303 96 | OOo! | 0.0014 37 159 | 353] 959] 2.82 
235. lusintar) | sagera aay .so+.] O15 10,034 0.018 | 176 51 | 0.0006 | 0.0074 7 | 312; 9 27 |, 2.22 
ROG if Aes aeulese es konee 0. 22 | 0.076 °. 032 | 321 80 | 0.0020 | 0.0182 | 356 253 | 807| £27 | 6.64 
BT wee een eaves tones 0.06 | 0.206 ‘0.060 | 125 68 | 0.0004 | 0.0124 | 207 74| 610} 110] 5.06 
106 |. 0.41 | 0.018 (0.018 | 354 | 183 | ©. 000§ | 0.0025 37 358 | 11 37 | § 22] 9.67 
109: ec sew snale tiene eeews 0.46 |0,031 0,008 | 211 | 354] 0.0!05 | 0.0449; 159 129 | § 24| IT 29] 7.90 
Piet aie Ralnoewaa eee vat eels. 0. 41 Seb li adne Neate So heli gestt nelle Rel te cae 749 | 1 41 | 10.90 
OP ieetas Nidwxats 0. 226 | 146 | 0.41 | 0.030 0.008 | 148 | 317 | 0.0461 | 0.2268 | 226 14? leiewenl enna Someds 
Sosa saat sav Bell maatcass 0.086 | 161 | 0.15 |0.081 |......] Qo |......| 0.0066 | 0.0860 | 224 162 ecces oer eOialeee tune 
taeda Mee Rare cael 0.465 | 18 | 0.33 | 0.225 |..... go |... ..| 0.0772 | 0. 4648 64 18} 013 8 06] 4.11 
Pre renee sevslevccecleeess| 0.22 |0.007 |...... 270 |...... 0.0020 | 0.0184 | 204 148 | 004 | 613| 4.18 
172 (0.025 | 216 |o. 103 | 200 | 9.24 |0. 169 0.039 | 252 | 257 | 0.0128 | 0.1081 | 280 217; 153: 639| 6.04 
algo 0. 003 16 jo. 144 | 359 | 0.33 | 0.073 |......| IIX |......] 0.0152 | 0.0986 17 345 | 048 | 734] 5.2! 
140 {0.007 37 |0.067 | 301 | 0.39 | 0.053 j0.010 | 210 | 298] 0.0117 | 0.0596 14 348 | 923 | 256] 1.45 
43 | Miles Pee eolidne ek yew sas 0.41 | 0.020 (0.014 | 336 | 137 | 0.0090 | 0.0437 ° 312 | 10 20; 402] 3.07 
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Geographic position 


e 
No. Station 
Lati- 
tude 
° , 
OCEANICA 
North 
590 Boeloengan, Borneo....... Leek atses 2 50 
South 
591 Samarinda, Borneo ................ © 30 
593 Moera Djawa, Borneo............. 0 37 
594 Bay of Balik Papan, Borneo....... 1 16 
598 MA@CHSBAE .0500 enc ces Se eds oie 5 08 
600 Donggala .........0:senescceeceeens © 40 
North 
602 ONTO) iid esie cite tabs Seer? I oo 
633 Maimbun ......... 0 cece cece ee ee eee 5 55 
634 Iloilo, Point Gimalik ............. 10 42 
634.5 | COED viviaree ceed iano ekaeiacds 10 18 
635 TACIODAR foisia tsar ype ee kes Ir 15 
635.5 | Santa Elena...... eee ye re ee 11 26 
636 Santa Rita Island.................. II 26 
636.5 | Catbalogan...............-.eeeeee It 47 
637 Calbayog .......55..cce rece eens scees 12 07 
637.5 | Halsey Harbor...................-+ 11 48 
640 Ma tiila.cs43 cx cas Se cee aes 14 36 
641 OIONZAPO ..... 0. cece ence sree neees 14 49 
642 Santa Cris ijnicag cents Atesaeeeey 15 46 
643 BOM HAG oy.scr cs hos Ree See Ra ee 16 24 
644 Suge. baviicsikes, sceettiens aes 16 04 
645 *T & DACO cs ether ee sedans 13 22 
660 Honolulu, Oahu Island............ 21 18 
South 
670 Apia, Upolu Island................. 13, 46 
675 Finschhafen .................. 6 35 
680 Port Russell, Bay of Islands....... 35 16 
680.2 | Auckland ........... 6. ec cece eee eeee 36 51 
680. Wellington .......... ccc cence ee eee 41 17 
681 Port Chalmers ............ 0.420000. 45 50 
681.5 | Port Darwin .. ......... eee eee eeee 12 23 
682 CooktOw iiss iicces tense etek: 1§ 27 
682,5 | Cairns Harbor....... ............. 16 55 
683 Brisbane Bar................e.eeeee | 27 31 
683.5 | Ballina ..........206 ceceee se eenenes ' 28 52 
684 Newcastle...... De hincatae Se asahe Ne tales | 32 57 
687 Melbourne (Williamstown)........ 37 53 
689 Port Adelaide (Semaphore)........ | 34 51 
689.5 | Princess Royal Harbor............ 35 08 
690 Freemantle, Swan River sa 32 03 
INDIAN OCEAN. North 
710 Mergui (Bay of Bengal)........... 12 26 
720 Amherst, Moulmein River.........| 16 0§ 
722 Moulmein, Moulmein River....... 16 29 
725 Elephant Point, Rangoon River...| 16 30 
726 Rattgoon, Rangoon River.......... 16 46 


Longitude 


Arc | Time 





of hem. 
East 

nya) 743 
117 08 7 49 
117 18 7 49 
116 48 7 47 
Ilg 24 7 58 
IIg 44 7 S89 
120 53, 8 04 
121 O1 8 04 
122 35 8 10 
123 54 8 16 
125 00 | 8 20 
124 59 | 8 20 
12457 8 20 
124 §2 | 8 19 
124 38 8 Ig 
119 57 8 oo 
120 57 | 8 04 
120 17 8 o1 
119 54 8 co 
119 56 8 00 
120 06! 800 
123 44 | 8 15 
West 

157 52 | 10 31 
171 44 | It 27 
East 

147 $0 9 5! 
174 08 | II 37 
174 48 11 39 
174 46 | 11 39 
172 30} Ir 30 
130 37 8 42 
145 15 9 4! 
145 47 9 43 
153 00 | 10 12 
153 33 | 10 14 
151 44 | 10 07 
144 55 9 40 
138 30 9 14 
118 00 7 §2 
115 45 7 43 
98 36) 6 34 
97 34| 6 30 
97 37 | 6 30 
96 18 6 25 
g6 10 6 25 


Ms 


De- | Lunar 
grees | hours 


Ft. 2 
1 
0.93 | 336 
1.39 209 
1.61 | 198 
1.89 | 153 
0.27 | 70 
1.55 | 159 
1.38 | 161 
1.32 | 178 
1.35 | 332.6 
1.37 | 334-3 
0. §3 | 220.6 
0.49 | 312.3 
1.18 | 347.8 
1.50 | 341.1 
1.1L | 342.7 
0.78 | 3Int 
0.72 | 310.2 
0. §0 | 292.9 
0. 38 | 271.0 
0. 32 | 278.3 
0.29 | 275.9 
1.75 | 174.7 
0.52 | 109.4 
1.26 | 186.0 
0.22] 75.2 
2.54 | 215.9 
3.78 | 204.8 
1.60 | 137.1 
2.39 | 99.0 
6.56 | 144 
1.87 | 282 
1.96 | 282 
2,20 | 290 
1.08 | 262 
1.60 | 249 
0.81 | 69.4 
1.70 | 120.0 
0. 16 | 339 
0.16 | 286.0 
5.§0 | 310.0 
6.32 | 67.3 
3.79 | 113.5 
5.90 | 103.0 
§.78 | 131.4 








6.97 
6. 60 
5.10 
2. 33 
5.30 


5-37 
5: 94 
11.09 
II.14 
7:35 
10, 41 
11.59 
11. 37 
11.42 
10. 37 
10. 34 
9. 76 
9.03 
9. 28 
9. 20 
5.82 





3.65 
6. 20 


2.51 
7.20 
6. 83 
4.57 
3-30 
4.80 
9. 40 
9. 40 
9. 67 
8.73 
8.30 
2.31 
4.00 
11.30 
9-53 





10. 33 
2.24 
3. 78 
3.43 
4.38 


0.49. 


0. 86 


0. 36 


1, 30 


16 
76 


~~ 
. 


75 


esseoeo9999999899 
BseR8SERP EASES 


77 


BOG Ore, OO 2 


oS. & eo Se: 2 


ws SN 
ro 











So | My | MO] Me 
o lm! e 
\ 
| 
200 | sews Perennt totes 
| | 
261 \0. 076 113 act 
256 |0.052 | 292 | Niteaiaed 
204 pegs Maes cone 
194 foes ee eye ween ce enees 
ROB. li dincetloveseltanews 
100) Ga5250% sy bendy | etaayatals 
221 0.038 | 325 0.029 
18 0.109 | 248 0.042 
22 lo.o14 73 0.005 
269 0. 066 355 0.045 
30 0.017 , 317 0.026 
50 eas | 39 0.025 
36 eee: 78 0.040 
42 0.052 | 335 0.025 
4 0.028 | 239 'o. 013 
29 0. 016 | 347 0.010 
325 ere 114 |0. 009 
324 0.032 | 341 0.013 
306 e. 020 | 357 0.028 
3It 0.018 | 348 0.018 
199 0.035 | 222 co 
109 Le 28 0.002 
! 
184 Fea ree 
. | 
124 0.03 att 0.02 | 
276 0-197 37 0.102 
265 0.20 74 0.10 
325 10. 045 332 0.015 
96 ‘0.044 | 239 0.052 
193 ‘0.013 279 lo, 006 
258 | scan chosen esl oiaee's 
B45 sea bias ashes 
x CA ah ee grees tea rae ree 
275 |0.0§8 | 121 0.025 
265 |0.027 | 233 0.018 * 
164 |0. O21 AQ eae 
181 'o. 02 174 0.01 
342 cobs 16 0.002 | 
292 |o.010 | 260 0,007 | 
J 
349 0.120 | 133 0.072 
102 |o0. 324 43 0.131 
149 |0.896 | 172 0.094 
140 '0, 281 0. 244 
170 {0.432 | 170 0,220 


rc aan 
ease 
M,.! Ss, | Ss” | Ms (mse! & 
Ms 
| 
: | 
Rae eae hie | i alateanien iv sor eas | 0.53 
eae ale ees Deas Mishiaaehas OL09 
en ae | ise cade REN Gm tae 0. 65 
ee ee iaoaprartictandaa's o. 87 
aN ere ee | ee 1.33 
Seda eke S44 i Shaw dakl One 
scshahas aa ase won Rey git reeee eee ee es 0,84 
Bi lenses | Da ace pata pores 0. 58 
186i sities aceon ees leases 0. 47 
BIS 3 |code ese ewes Bees 0.55 
BIO iata eke eee tenths 0. 25 
1296 AN Oe ae ee wala 0. 70 
rk? eer | Didar ed area he ehanars 0. 64 
295 nee 0. 60 
240 |...... porte teens neees 0. 67 
182° |e css pore eee ee 0.42 
274 |....-- Deh aeNiatcaat dpa | 0.42 
127 |ssawes Nesieetanmtioa Stags | 0. 36 
260° | oisetledeeeu eave ene | 0. 16 
: 203) divans desta miasak eats jo 
ae 5 eee eS re Ewe, 0. 31 
| 966 iesar aie oie eae ee ee 0. 44 
el 
7 o alicia aerate eer were 0. 31 
phat eee i Adit: waa Oh es 
| 
222 0.01 , 272 «00... eee 1.41 
62: lca Sidin danas eiene dad 0.15 
67 | Gain’ estimate an’ 0. 17 
Y Gast kak: Pecssdpar Al panes Groceries @ | 0.06 
! 334 jo ce eee | Moke sidididite se Gites 0.11 
a ae ee ree ' 0. 52 
V atioee ore Re rer mre e 0. 42 
Pence lat ca poster er Leia dale 0. 57 
| bs ctoaok | Seveeereeies | 0, 26 
| 133 '0.003 | 246 lo. 043 ! 199 | 0.26 
| 94 ‘0.006 | 289 0, 062 | 252 | 0. 24 
eateeta leone eked isnaa tsa Oske 
259 lo. 03 | 186 0.09 | 99 | 0.99 
227 |0.012 | 204 0.015 268 | 1.62 
277 ,0.004 72 pase 0. 88 
, 237 0.044 | 233 10. 157 | 176 | 0.53 
252 (0. 095 114 0.318 | 75 | 0.43 
204 [0.068 | 228 x 708 | 213 | 0.36 
336 |o.084 | 176 lo. 291 | 127 | 0.40 
86 |o. 084 | 259 (0-404 : 212 | 0.36 
12770-—-07——20 
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aberrant es fore est = 
| > is 
! M (> ig M,252 lox s> Co- 
Be |e es ‘\ Me M: | fo | {& | wwrl Lwr| tidat | No. 
M, My j ao ee wt hour 
S, Se (=S,) |(=MS)| +— t+~ 
iach A |Z | 
| | ; | | 
| | Pp ot | 
| i 
Aseuisiice jh i ticaAdeacdt ebseak tact po ahccu irl ca Sate Guam tang Sake glee tne a aia ake eae tes gh sieng yg isenees| ehewsteh S90 
| , | 
0. 054 | 308 [eoceeas | 0. 0289 | 0.0936 | 217 90S. cules evade alee eens 5g! 
0. 033 |....-. | TOd | cones | 0. 0223 | 0. O685 : 48 | 350 de | siigied Hisieng Lavin’ yates 593 
seefees Sendo pes & desea cients learnt : et oee balahre eGo 594 
sah waa rata th ah al leaned Skea th ah Le a eee ecehiie ne oath leaden] ee voce Son 
ee here Rested sasneeleatdanen Segura eee Miniw ere as Blewaes ron ne 600 
| ! | | | 
OC ene fore rane |e eer etars cea tiR renee (Care R AraS IRTRE SS LOE A (Cet NEMO AN RECUR T ( Ou at | 602 
| 0, 028 0. 022 31 93 | 0.0124 | 0.0431 52 8] § 58] 1217 | 9.70 633 
| 0-08r 0.031 58 92 | 0.0245 1032 | 338 293 | 11 06 | § 22] 2.56 | 634 
| 0,010 ° 003 | 236] 328 | 0.0404 | 0.0148 | 168 K21] 11 35] § 18] 2.92 | 634. § 
0.125 (0. 084 86 72 | 0.0040 | 0.0325 93 44] 6 §3 I 25 | 10.32 | 635 
"0.034 esbes : 308 95 | 0.0081 | 0.0235 | 113 a5 | 10 35 | 405 | 1.89 | 635.5 
"0,035 0. O21 | 297 89 | 0.0173 | 0.0536 | 163 100 | 12 00 | § 31 | 3.26 ' 636 
5636 0.026 | 244 9 | 0.0159 | 0.052y | 188 133] 11 50 | § 28] 3.12 | 636.5 
| 0.047 0.022 | 35! 68 | 0.0230 | 0.0589 93 34] 1145 | 5 26! 3.04 ! 637 
| 0.036 j0. 016 23 61 | 0.0050 | 0.0255 | 345 | 2g2 | 10 37 | 4 30, 2.26 | 637.5 
0.022 0.014 | 274 | 297 | 0.0028 , 0.0135 | 144 66 | 10 51 | 4 29 | 2-42 640 
0,003 |0,015 | 112 32 | 0.0002 | 0, 0011 | 178 | 146 | 1003] 352 1.€9 | 641 
0.085 |0. 035 | 201 | 203] 0.0008 | 0, 0102 : 87 344); 949 +305 1.48 | 642 
0.063 {0.086 | 200] 272 | 0.0028 | 0.0151 53 25 | 10 21! 3 44] 2.00 | 643 
0.063 |0.064 203} 238 | 0.0018 | o.0114 59 24 | 10 20] 3 33, 1.98 644 
ee io. 002 | 128 | 259] 0.0069 } 0.0312 | 270 246 | § §9| 12191 9.5 | 645 
| ‘ 
0.002 |0. 004 191 | 259 0.0001 | 0. 0006 27 28 | 3 48 | 10 00 | 2.19 | 660 
| 
: eee eee | Sau teal tereiees en ae | a Sivabdcaced ime a kay | 625] 012 | 5.65 | 670 
0. 136 0.091 | 299 4 0. 0597 | 0.0085 | 309 260 | 2471 832 4.84 | 675 
, 0.078 0. ago 35 | 226 |; 0.0047 | 0.0607 | 157 97; 72 155! 7.§6 | 680 
0.053 [0.026 336] 187 | 0.0056 | 0,0608 | 195 | 1344, 711) 044 7.29) 680, 2 
0.028 |o.009 | 302 | 277 | 0.0001 | 0.0051 | 348 160 | 452) 10 54° 5.05 | O80. 5 
0.018 jo.022 | 319 | 323 | 0.0006 | 0.0100; 233 236 331] 939 3.90 , O8t 
0.002 'o. of0 g 25 | 0.0036 | 0.0136 | R57 | 328 | ee er ee etre ee 681.5 
ee ee eer ae re ee mre 944 331 =+&F1.72 o82 
Glaser ay tate at ee Cee 9 44! 331 11.6y 682.5 
a eres Diss atie ene tans anata bate eae 1000 «3.48 «11.46 683 
| 0.054 023, 43 293 | 0.0039 | 0.0302! 147 | 1341 9 02 3.97 10.49 683.5 
0.017 0.OT1 265 | 313 | 0.0016 | 0.0132 265 | 249 8 42 «+222 ~=«10,29 | 684 
| ote ee ee QO! <Svicews 0. 0003 | 0. 0052 | BBN TAA le coun eG eee ecto lack 687 
ree 006 66 | tor | 0.0198 | 0.0396 —-296 234 | 404 10 22 | 6.70 | 689 
| 0.031 0.012 | 302, 70 | 0.0131 | 0.0162 | 22 Ig 1143 § 18' 3.45 | 689.5 
(0.062 0.044 | 3i2 | 221 | 0.0077 | 0.0175 (272 206: cents has. crase NG aewee Sec 690 
: 8 | | 
Neues aoe | 127 | 333 |] 0.0338 | 0.1274} 211 pe ee ee I Jesters teeta 710 
ont 0. O21 | 92 |} 310 | 0.0596 | 0.2780 | 112 FS hc aiices cre have ae Rok Sa Sarde 720 
0, 236 |0. 025 | 55 | 137] 0.1156 | 0.6433 | 243 y 2. -  e rer ee ene erae 722 
0.048 0.041 | 118 ' 333 | 0.0455 | 0.2265 | 162 125. \nswsoektossueen tone. 725 
is 075 |0. 038 | 93 | 309 | 0.0566 | 0, 3128 | 247 208 | 4 26| 1107 9.87 | 726 
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Geographic position M,° | | | 
——<— | 
No. Station Longitude Ms S; S® My | M,° | Mg | 
Lati- De- |Lunar : 
tude grees | hours | 
Arc | Time | 
Se ee y ss ) 2, eee ee | 
INDIAN OCEAN—continued age hice | Am. | FL ® h. Ft. ! Ft.| © 
North | East , | 
735 AR YOD 025 ices sel iiven cs ese sees 2008 9254, 612 2.56 | 278.1 | 9.27 | 1.13 1308 0.007 | 274 ” 
* 740 Chittagong...............6. seecees | 2220! gt §0 6 07 | 4.44 | 35.2 | 1.17 1.57 | 69 ae 343 10. 140 
745 Dublat, Hoogly River.............. 21 38 | 88 06 § 52 | 4.61 | 290.8 | 9.70 | 2.11 1328 0.088 | 149 |0.011 | 
746 | Diamond Harbor, Hoogly River...| 22 11 88 12 5 53: 5.16 | 344.5 | 11.48 2. 23 | 26 «0.752 | 247 |0. 150 |! 
747 Calcutta (Kidderpore)............- 22 32 | 88 20 5 53 , 3-63 ".7 | 1.92 | 1.50 os 10. 740 | 37 10.154 
748 False Point i<cce.iga suave cethesecess | 20 25 | 86 47 § 47 | 2.25 | 269 8.97 ; 1.01 302 0.035 | 229 0.010 
755 | Vizagapatam ...................05- | 17 4t | 8317] § 33 | 1.47 | 253.7] 8.46 | 0.65 a8 0.013 | 320 0. 005 
756 COCENAOR . 2.6655 ici bieriowesneee ees | 16 56} 82 15 § 29 1.51 | 2§2.6 | 8.42 | 0.64 1286 ‘0.030 | 106 jo. 016 
763 MAOTGS ecco i been tia Sua Ree eesS | 13 06 80 18 § 21 | 1.03 ; 250.8 | 8.36 | 0.44 :280 0.007 , 193 |0. 008 
765 Negapatam ........... cece ce ee ceeee 10 46 79 §! 5 19 : 0.71 | 251.2, 8.37 | 0.27 \283 0. 022 79 |0. 011 | 
77° Pamban Pass, Rdmesvaram Island. 9 16 | 79 12 § 17 ! 0.58 , 47.2] 1.57 | 0.37, 92 0.016 194 /0,010 
772 TUN COTIN sic ieee s sane eves SexeNNS 8 48 | 78 09 § 13 | 0.66 | 43.4] 1.45; 0.47 | 84 0.025 156 0.015 
773 Trincomalee Ceylon ............... 8 33] 81 13 5 25 | 0.58 241.0 | 8.03 | 0.20 [265 0.012 | 224 {0.005 
775 Point de Galle, Ceylon............. 602] 80 13 § at | 0.53 | 56.9 | 1.90 | 0.36 ' 94 . o12 | 164 |0.003 | 
776 Colombo, Ceylon................... 657] 79 51 § 19 /0.58' 49.9] 1.66: 0.39 | 95 (0.016 | 170 |0. 004 | 
780 Port Blair, Andaman Islands...... Il 41 | 92 45 611 00 ! 280.0 | 9.33 | 0.96 |316 0.011 | 132 Jo.004 
785 COGHI ic iecasd doce canna Reto cnas eens 9 58 | 7615 § 05 | 0.73 | 332.1 | 11.07 | 0.26 | 29 0,026 75 \0. 009 
787 BOY POTe i 6.5550 ese ioewe ced eaascnnss Ir 10 | 75 48 § 03 | 0.94 | 328.3 | 10.94 | 0.33 | 17. (0.021 38 |0. 008 
793 KAtWAP boss cocstone eaves shi wnsiend 14 48 | 7406; 456 1.74 301.8 | 10.06 | 0.62 1335 10.055 17 Jo.orr | 
795 Goa or Mormugoa.................. / %§ 25 | 73 48 455 | 1.81 | 300.2 | 10.01 | 0.64 (332 0.047 6 (0.011 | 
800 BOM GY oss.) 5 oso hhc he hese bs | 18 §5 | 72 50 4 5t | 4.04 | 330.3 | Ir.on | 1.61 | 4 (0.130 | 329 |0.010 | 
802 Bhavnagar ...............cee cece eee | a1 48 | 72 09 4 49 erg | 134.2 | 4.47 | 3.47 [176 0.894 | 152 [0.239 
805 Port Albert Victor...............4.. | 20 58 | 7133| 446. 2.88 | 58.3] 1.94 | 1.13 , 82.8 lo.212 | 176 |o. 126 | 
807 Porbandar .............e000- dewene ' at 37 | 69 37 4 38 | 2.13 | 292.8 | 9.76 | 0.78 |323.6 [0.033 | 124 [0.049 
809 Okha Point and Bet Harbor....... 22 28 | 69 05 4 36 | 3.82 | 347 11.§7 | 1.22 | 14 (0.136 | 107 10,007 
810 Navanar ....... 22 44 | 69 43 4 39 | 6.04 | 24.4 | 0.81! 1.89 | 55 'o. 109 | 273 [0.065 
$11 Fa nsta ogo seal ie keen enna couse. 22 56| 70 21 4 41 | 6.85 | 45.6 | 1.52 | 1.93 | 85 lo. 727 | 330 0. 305 
Bis?) |: Karachtss josatatieeesie aekeeeuxs 24 48 | 6658| 4 28; 2.54! 293.7] 9.79 0.95 |323 lo 028 7 '0.048 
820 Minikoi Light ................. .... 817 | 73 03 pa 329.4 | 10.98 | 0.35 | 20 0.009 | 67 lo, 002 | 
825 | Bushire ..............0.ceeceee sees 29 00] 5052] 3.23] 1.06! 211.1 | 7.04 | 0.39 \261.9 (0.025 | 337 0.008 
830 MGGK GC ios. c8 ern scsa sis adass 23 37 | 58 35 3 54 2.07 , 276.2] 9,21 | 0.78 = ‘0, 006 65 \0. 006 
840 ROR eco iain ae 12 47] 4459 3 00 | 1.57 | 226.5 | 7.55 | 0.69 |246 lsso08 313 '0. 005 
845 Sue Ses stir ueioks eon cases een tee | 29 56 | 32 33 210! 1.84, 342.5 | 11.42 | 0.46} 8 lo. 02g 127 '0. 010 
850 POV sia dancwlai cits ecees eels | 1238 | 43 24 | 2 54 | 1.20 226.4 | 7.55 | 0.56 |243 ee 13 0.006 
| South | | | 
870 Port Louis, Mauritius Island. .....;. 20 08 | 57 ai 3 §0 | 0.43) 23 0.77 , 0.33 | 26 0. 004 296 0. 005 
880 Betsy Cove, Kerguelen Island...... , 49°99) 7oO 12 4 41 | 242 | 9 0.30 | 0.80 | 52 0.03 rs 
890 Durban, Port Natal................ 29 53} 31 04 204) 1.72! 115 3.83 | 0.95 |1§0 icattas Mitek shaven sels 
WEST COAST OF AFRICA AND | | | 
EUROPE : 
goo Cape Town, Table Bay............. | 32 54 | 18 25 114° 1.00] 44.5] 1.48 | 0.67 | 88 0.039; 96 ]0.013 
. | North 
go8 Duala (Kamerun) Africa.......... 4 03 9 40 © 39 | 2.45 | 156.3 | §.21 | 0.81 |195 (0.236 | 139 jo. 062 
923 Valetta Harbor, Malta............. | 35 55 | 14 30 0 58 ' 0.20] 93 3.10 | 0.12 [100 = 0.003 | 350 |0. oor 
925 TOWlON i465 utes elevate dete es ee. - 43 07 5 56 O 24 | 20 | 246 8.20 | 0.09 |250 0-014 | 352 |0. 001 
O 22 é 0.22 | 228 7.60 | 0.08 1247 0.019 O laa-wses 
i 
oes awesade ek Alea wuss aeies Oo 36 7 3.83 | 59.1 1.97 | 1.§0 | 83. 10.233 | 196 jo. 032 
en eT rr ere rrr ree 007 , 4.37 89. I 2.97 | 1. 56 nae 0. 097 | 323 (0.017 


























































































































APPENDIX 6. CURRENTS, SHALLOW-WATER TIDES, ETC. 307 
“er 
| ae ae ee 
| eee ela ° ¢ (FV e252 
Me? | So S, | MS aad aa at a s 2 Wig MoM, 
? a | | (Ss) at | 
| os o, (= MS) = 
| | | a3 | 
\ { 
(ag 43 
123 lasooy oe O14 : 274 | 0.44 , 0.003 0.009 | 282 ' 352] 0.0014 | 0.0062 | 334 $08.“ icsatets Tigauae Gas os : 735 
190 |0. 055 an 346 , 23 0. 35 | 0.091 |0,032 87 ! 275 | 0.0508 | 0. 2874 51 17 ; iaewes | 740 
221 |0.016 | 223 '0.074 | 170 ; 0.46 [0.019 0.002 73 , 291 | 0.0185 | 0.0806 | 223 186 panes | Meee een eae 745 
108 lo. 123 | 327 Lo. 706 | 287 0.43 | 0. 146 ‘0.029 82 | 206 | 0.1414 | 0.6512 | -330 | OBO clit oe rer aids sean 746 
322 10.092 | 113 0.673 | 80 | 0.41 | 0.204 ‘0, 042 78; 211 | 0.1265 | 0.6127 | 122 79} 114 | 94°, 7.31 | 747 
78 10.008 | 320 am 040 | 268 | 0.45 | 0. 016 (0. 004 309 | 9 | 0.0071 | 0.0314 | 295 | 262 | ....... ! Sins at Seceasss | 748 
69 lo. 00g §0 j0.011 | 356 0.44 | 0.009 e 003 | 187 | 332 | 0.0025 | 0.0115 25 Cy a ee lic wtealeie wees | 755 
97 lo. 006 134 Pe 022 | 136 | 0.42 |0.020 0.01! 39-301 | «0.00854 | 0.0254 | 173 139 | areata | aoe es 786 
157 ie 002 | 233 2 006 : 254 | 0.43 |0.007 ‘0.008 | 309 | 236 | 0.0013 | 0.0060 | 252, 222: 8 35 2 %H 2.94 . 763 
130 j0- 005 135 (0.019 | 99 ! 0. 38 | 0. 031 0, 016 63 | 264 | 0.0032 | 0,0167 | 143 | Ii | ive ewes Casares : 765 
| 42 0,003 ; 261 j0.038 | 292 | 0.64 ) 0.028 io. 017 | 260); 100| 0.0065 | 0.0205 | 284 230 53 ness ae pated: 770° 
19 lo, 006 | 234 [0.012 | 258 | 0.71 {0.038 |0.023 | 290] 111 | 0.0127 ; 0.0355 | 238 197 |.......|. We Svea e se Gieg entcg 772 
112 10.006 | 217 |O.O11 | 242 | 0.35 |0.021 (0.009 | 258 | 251 | 0.0014 0.0083 | 272 245 eran aeedeees Saathns 773 
341 [0.003 | 235 0.007 | 255 0.68 | 0.023 [0.006 | 310 | 190 | 0.0055 - 0.0163 | 238 201 ce esate: Mesa ieac ats 775 
27 10-095 236 lo, 009 253 0.67 |0.028 |o,007 | 289 | 123] 0.0072 ' 0.0214 | 261 215 | 147] 747) 8.41 | 776 
116 ‘0.004 | 358 |0.012 | 229 | 0.48 | 0.006 lees 68 4 | 0.0025 , 0.0106 | 204 168 ioe ou biweeess eae 780 
$7 lo. 006 175 |0.020 | 140 | 0.36 '0.036 'o.012 | 229 | 190} 0.0033 | 0.0185 | 189] 132 ].......)....... Peete 785 
| 133 lo, 005 | 135 0.010 | 74 | 0. 35 eons ee 258 | 132] 0.0026 | 0.0147 | 136 BPs. lacaneilens | CHAS conta: 787 ~. 
| 224 0.010 | 98 0.026 | 67 | 0.36 le 032 |0.006 | 227 | 322| 0.0070 . 0.0393 | 83 §0 |... 6.2]. dap ee 793 
249 |0. 009 92 |0. 024 48 | 0.35 |0.026 |o.006 | 234 | 291 | 0.0059 | 0. 0333 70 ce eee ree | Loatgees 795 
| 86 |0.012 | 256 0.138 | 30 | 0.40 | 0.032 |0.002 | 332 185 | 0.0207 , 0. 1040 36 3 [11 27) § O7 6.21 | 800 
125 |0.121 | 235 0.661 | 196 | 0. 32 : 082 |o. 022 117} 278 | 0.0902 0.5686 | 235 194: lassie Sasawea es cos J 802 
129 ‘0.025 | 266 0.158 | 213 0.39 |0.074 |9.044 | 301 46 | 0.032% 0.1666 | 225 200 tho ih odes tee BSR | 805 
307 (0.004 | 277 0.028 | 204 | 0.37 {0.016 jo.014 | 102 | 211 | 0.0044 | 0.0242 | 186 a eee Cena | eared 807 
270 (0.013 | 117 lo. 064 Int | 0. 32 | 0,036 [0.002 | 227 ; Si} 0.0137 0.0868 | 161 136: oeiays.leaeeee. 28 Say 809 
4l (0.013 | 360 }...... kowene 0.31 0.018 0.011 | 136 ' 32] 0.0107 | 0.0682 | 334 | 304 | 0 46| 704 8.09] 810 
246 |o. 021 ! 62 'o. 351 | 12 | 0.28 < 106 |o.044 | 122 | 251 | 0.0578 0.4100 | 48 9! 124! 820! 8.67! Sr 
206 jo. o10 20 |0. 031 | 320 0.37 lo, O1T '0.019 | 221 | 315 | 0.0039 | 0, 0209 65 | 36 | 1014] 358 | 5.42 ; 815 
64 |0, 003 87 |0. 007 | 49 0. 41 {0.010 |0.002 ; 232; 204 | 0.0015 | 0, 0073 168 | IVF tons cal eed. alitee ns 870 
330 |0.007 | 104 '0.027 | 34 0.37 | 0.024 jo. 008 | 85 | 304] 0.0034 , 0.0184 wT 28 Pe sinewaleeeGe 4 ee 825 
| 24 econ 333 iesOte ! 305 | 0. 38 \° 003 |0. 003 | 127 85 | 0.0009 | 0.0045 | 125 GS je aiaieas ae gieslataemis 830 
| 342 i 005 283 0.017 | 1§7 0.44 | 0.004 /0.003 140 | 338 | 0.0010 | 0.0048 | 352 333: 7 48 137 | 4.54| 840 
66 (0.004 | 171 |0.016 | 158 | 0.25 [0.016 jo.005 | 198 | 243 | 0.0018 | 0,0146 | 178 162 tioeweshieai anal eeeere < 845 
2 |0. 005 | 328 0.016 | 83 | 0.47 | 0.020 |o. 005 | 79 | 318 | 0.00§2 | 0.0224 47 30" osae ticles Segoe eekesies 850 
| 
94 0.003 | 116 ,...... | Sees | 0.77 has 0.012 | 110 | 335 | 0.0024 | 0.0061 | 302 299 [ereee efor cee eel renee 870 
eae es eee eee 0.§6 /0.021 |j......| 89 ...... 0. 0095 ; 0.0339 15 332 6ciee Valectaacvie sas ecep S80 
a's hag os ald 0.55 0.0 |......)-.0.. = teieedeecasleesseclecaseds Geeceslececscelssevees| 890 
| : , | 
A. a m4 
296 |...... | Soda dhaets dud iowa | 0.42 10.024 10.008 . 353 | 198 | 0.0069 0.0327 | 183 | 140} 1 34| 745] 0.28] 900 
| | ! | 
Le eerie taal weno la eeees | 0. 33 ,0.096 0.025 173 | 342 | 0.0260 ' 0.1562 | 217 178, § 24 | 11 40] 4.57 | 908 
26 0.001 cy a ee ha 0.60 ,0. 015 fb. ~ 196 | 253 ' o.00rT | 0.0036 | 364 AST \deataaleseeeundles bees 923 
145 iS 002 +. il | 0. 45 ‘os 070 (0. 005 140! 233 0.0028 | 0.0126 oO 356 ed Co CO 925 
alae 0.003 BOF Veins leew 3) OL 86 Serra ees | ae 0.0025 . 0.0138 38 soe ce a a 926 
. | 
BAe eiwelaeacte 0. 195 228 | 0. 39 0. 061 eae _ 282 254 , 0.0359 0.1827 244 220 | 204| 7 46| 2.00] 932 
112 92 |0.174 = 7 | 0. 36 | 0.022 0.004 215 155 | 0.0124 , 0, 0695 27 355 | 3097| 914] 3.13 | 938 
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‘o Geographic position | MoM” 
No | Station | Longitude | Mg 
Lati- ; De- |Lunar, 
tude — | grees | hours 
Are | Time , | 
Pape Sa Se >| z | 
WEST COAST OF AFRICA AND ae of | Am. hk. 
EUROPE—continued North | Wiest ee i | | | 
942 BOy ard ine dsirse on oie a eee | 46 00 143 | 0 05 | §.82 92.3 | 3.08 2.11 | 126 0.915 | 356 ‘0.080 | 
943 ROCHENC 66 occ Genie ies Green 46 09 109! 008 | 5.72} 92.3] 3.08 2.03 , 126 |0, 804 2 jo. 088 | 
944 Saint Nazaire .........-.....05 wee- 47 16 212 0 09 | S. “vs 101 3.37 | 1.98 | 136 0. §18 43 [0.079 
946 BEGSE cciove Se Sk ceeitweetd Shahin eevee 48 23 4 29 0 18 | 6.76 | 99.2] 3.31 | 2.47 139 is 182 85 ‘0.116 
948 St: Malosesvcte ce eersetewi kanes | 48 39 2 02 o 08 [12.45 | 173-7 | §-79 | 4.80 | 225 0.855 | 271 {0.069 
950 Cherbourg: 64..i60snceesbeedeeieies 49 39 I 37 0 06 | 6.16 : 225.3! 7.51 | 2.26, 269 10.450] 345 \0. 081 
| East | | | 
952 PIGVEG occ oso oe ee Scat es Fee EER RS 49 29 0 06 0 00 | 8.74 | 285.5 |} 9.52 | 2. 89 ! 333 0. 786 85 0.574 
a | West ed , | 
954 | Bain DUren 6 i veka esse es ys Vee wins 2 ) 55 59 3 10 013 5.94 | 48.5 1.62; 2.00 | §8 % 231 178 °. 243 | 
956 West Hartlepool................... 54 41 1 12 005, 5.16] 95.9 3.26 | 1.74 | 137 104 0.074 | 
957 ! HG foes Guteeyviaaagi eos teres | 53 44 0 20 ool | 7.56 | 175.8 5.86 | 2.34 | 228 0.345 | 253 0. 164 | 
| East | | | ) 
958 Sheerness .. 0... ... 2 eee eee cee ees | §1 27 © 45 | 0 03 | 6.30 0.5 0.02, 1.75' 56 0.296 44 |0. 199 
West 
960 London Bridge..........-.-..--000- ' 130! 007 | oo: 8.31 | 55.0), 1.83} 1.64 110 0, 821 7 
| East | 
962 | RAMS cate oo. s2cces cae ees ss 51 20 I 25 0 06 6.14 | 343.7 | 11.46 | 1.88 , 36 (0.548 | 248 (0. 164 
C64. || DOVER eed tase is eewetwts steaes tig es 51 07 119g O 05 | 7.20 | 336.1 | 11.20 2.07 28 (0.743 | 229 (0.173 
| West | 
966 | Portland Breakwater .............. 50 34 2 25 © 10 2.05 | 189.4 | 6.31 1.07 239 '0. 468 23 |0. 206 
968 Pembroke . ............... 000s eee | sr4r] 456| 020 | 8.18 | 166.0] 5.53 2.66, 20§ 0.123 | 242 |...... 
g7o | Helbre Island, Mersey River ...... / §3 22 3 18 oO 13 | 9.76 | 312.9 | 10.43 | 3-13 356 0.479 | 200 [0.070 | 
971 | Liverpool, Mersey River........... 53 24, 3.00 O12 9.98 | 320.7 | 10.69 | 3. 16 6 lo. 691 211 10. 196 | 
978 Greenock 2.0.0.0... cece eee eee ees 55 57 | 4 45 0 19 | 4.36 | 337 11.23 1.04] 42 10.346[ 44 ...... 
| East | 
982 Ostend ¢ccccovnees cise deeoaiasys 51 14 | 255 O12) 5.92] 12.3 | 0.41 1,80 64 0.364 | 345 |0. 232 | 
g52.2 | Noord-Hinder, Light Ship......... 5I 35 237, O18 3.94] 12.6] 0.42 1.19 5! 'o. 308 | 1322 |...... 
982.5 | Schonwenbank, Light Ship .... .. 5 47 | a0 | 014 2.93] 236.6 1.22 0.87 82 oi 462 148 | sieteere | 
983 Hook of Holland................... 51 59 4 99 | Oo 7) 2.54] 72 2.40 0.65 | 131 0.558 | 134 [0.115 | 
983.2 | Maas, Light Ship...... ...... eee §2 01 3 54 | 016 2.37] 76.3] 2.54 0.51 | 122 |0.394 | 165 ,...... 
984 | Vidi sree se eeeneeehes | 5228 434, 0:18, 2.20 | 113 3.97 | 0.58 , 180 |0.620| 154 '0.177 | 
984.8 | Haaks, Light Ships ocees ese ers tees 52 58 | 418! O17 2.19] 179.8 | 3.99 0.46 | 228 10.118 | 253 | As fhe 
O85 1S Cs C4 ee are eer ae eS ore §2 58 { 4 46 019 1.74] 171 5.70 0.50! 238 0.367 191 0.190 
985.5 , Terschellingerbank, Light Ship.../ 53 27 | 4 §2 | 019, 2.81 | 213.0, 7.10 0,68 ! 257 |0.295 | 308 [seeee 
986 | Wilhelmshaven, Jade River....... 53 3 | S og! 033 5.34] 358.4 11.95 | 1.35, 71 0.299 178 lo, 184 
987 Rothen Sande... ..........5.2-0006- 53 5! 8 05 | 0 32 | 4.00 338.5 | 11.28 | 1.09 §3 ‘0.199 | 191 |0.120 
ggo | Helgoland Island.... ...... nana 54 11 7 53 O 32 , 3.18 | 334.8 | 11.16 0,83 | 40 0.218 = 189 |0. 063 
995 ! Copenhagen, Baltic Sea........... 55 42 1236! 050 0.20| 2977 9. 23 | 0.09 , 249 |...... Med oalhetites 
tooo =| Christiania..................0. 0000 5955 1044! 043 0.37! 128 4.27 0.12 | 88 ° 062 | 6 P 023 
1001 OSsCarsborg 606s i50l oies Shoe eb $940) 10 37 0 42 0.47 ‘129 4.30 , 0.16 go 0.072 3 10.026 
1002 ATOHOA! cxacaecctetissintuaiserenee:  §8.27' $46 035, 0.28! 100 | 3.33 0.09 | 68 | acess teedes | vere 
1003 | Stavanger.......... cece eee ee eee S859! 544; 023 0.48 , 282.5 | 9.42 | 0.22 | 332 0.033 , 252 : 049 | 
1004 BOtQOl oc ick Geswa a eoesii tien taes. 60 24 5 o8 © 21 | 1.44 | 297.5; 9.92 0.52! 334 | eas | Daethelearaies | 
1006 BOdG6 4s. ee dass Sedma tee ented iim 67:7] 14 23: Oo 58 2.84 | 356.5 | 11.88 | 0. 98 35 0.162 292 j...... 
1007 : Pitieideoscuses ose hex oases 6717 15 30' 102, 1.74] 57.0] 1.90, 0.50] 106 |o.039 | 61 |0.039 
1008 Kabelvaag...... caog elite wit aie ster tide 6513 14300 58 | 2.98 3-5 | 0.12 | 1.08 44 (0.141 | 323 |.....- 
101! | VAIGOS Gs see ive eet a wet aw te 70 20 | 31 06 2 04 | 3.29 | 163.5 | 5.45 | 0.92 | 208 |0.039 | 202 |...... | 
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[| | o. | 
7 : ole 
| (St) 28 | Pe | Fe Co 
Mo| s, | so | Ms mse) St} Ma | Meo zi Mg ‘Ms | qf | 1% | Hwr| Lwi | tidal | No. 
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de} | (Sa) (= MS) ] F> | FH | 
| | | 
| | 
309 [0.029 | 247 (0° SSS 82 0.37 0.157 jo.014 | 189 |) 328 | 0.1198 | 0.6625 63 30° 327 9 22] 3.42; 942 
316 j0.043 | 259 0.513 | 88 0.35 | 0.141 jo.015 | 183 ' 321 0.1005 0. §692 69 16 323! 9 2! 3.35 943 
50 |0. 027 | 268 0. 3616 | 113 ip eee meee 944 
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15 0.030 0.280 | 254 0.32 10.049 0. 007 66 ' 204 | 0.0493 | 0.3075 | 286 243 1037 4 47 10.47 | 970 

331 0. 057 302 (0.406 258 ! 0.32 0.069 '0.020 71 271 ~~ «©0, 0690 | 0.4367 | 301 256 10 56° § 16 10.76 | 971 

haeee [ereeee|eereeetecees ea Berets 770 esses 0.0198 | 0. 1654 174 109 | Il 44 | aa 11.65 | 978 

, | 

B16. hee ks | cas 0. 234 | 53 , 0.30 0.062 0, 039 39 | 82 0. 0339 | 0. 2220 89 37 © 07 | 6 33 j 1.91 982 
Leeeenedtek aren eeen ies 0.30 ,0.078 |......) 264 ......, 0.0281 | 0.1860 ; 198 sa ci ised eas aeieessy G82.2 
side aed Waters al Rade ned as Vales leat 8 0.30 10.158 |......| 285 oe 0.0407 | 0.2744 | 238 193 |. -cecealecececsleveecs «| 982.5 

74 0.039 | 265 '0.312 | 176 | 0.26 10.220 (0.045 sat 142! 0.0365 | 0. 2857 | 252 193 | 217/] 8 46 | 1.92 | 983 
inure Gana ageaa tesee 0.22 0,166 |....../ 347 (0.2...) 0.0182 | 0. 1694 256 Bh Viv occd Atl dee ee, 983.2 

241 aes | 293 |0. 338 204 : 0. 26 | 0. 282 0. 080 72 | 98 | 0, 0432 | 0.3274 288 221 | 2 48 | It 04 | 2.40 g84 
Ae ere esa eseenpeeseeafree 0.21 (0.054 |.....-| 107 )...... 0.c0§2 | 0.0498 7348 300 esi nce re 984.8 

293 0.013 ! 353 (0.203 236 0.29 |0.211 |O.109 | 151 | 220 =6. 0202 | 0.2107 , 325 258 § 52! 029 §.35 : 985 
Ste Q aa saatekes eae aa 0.24 |0. 105 |......) m8 |...... ».0173 | 0.1428 36 B52 eee e ecco cece es cee eeee 985.5 

30 0.026 51 0.242 | 274 0.25 {0.056 |0.034 | 179 | 325 0. 01gf | 0.1513 | 323 251 0 03] 6 14 | 11. 50 : 986 
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35. Stations whose M, ts due chiefly to propagation tn shallow waters. 


The shallow waters are usually tidal rivers. The surmise that M, is due to propa- 
gation is confirmed by the fact that at places along their shores 2 M:—My= 90°. At 
the following places this difference from 90° does not exceed 30° and is generally 
much less: 

(32) Quebec, (40) Halifax, (44) Eastport, (66) Willets Point, (77) Philadelphia, 
(g0) Washington, (98) Wilmington, (256) Pete Dahl Slough, (280) St. Michael, (425) 
Tientsin Entrance, (430) Shanghai, Wusung Bar, (438) Whampoa, (593) Moera- 
Djawa, Borneo, (635) Tacloban, (687) Melbourne (Williamstown), (689) Port Adelaide, 
(720) Amherst, Moulmien River, (725) Elephant Point, Rangoon River, (726) Ran- 
goon, (740) Chittagong, (745) Dublat, Hoogly River, (746) Diamond Harbor, Hoogly 
River, (747) Calcutta (Kidderpore), (765) Negapatam, (802) Bhavnagar, (807) Por- 
bandar, (825) Bushire, (850) Perim, (880) Betsy Cove, Kerguelen Island, (926) Mar- 
seilles, (946) Brest, (948) St. Malo, (950) Cherbourg, (956) West Hartlepool, (953) 
Hull, (960) London Bridge, (962) Ramsgate, (964) Dover, (968) Pembroke, (970) 
Helbre Island, Mersey River, (971) Liverpool, (984) Ymuiden, (984.8) Haaks Light 
Ship, (985.5) Terschellingerbank Light Ship. 

In a few of these cases, the M, may be of a less obvious origin, and where it is 
very small the value of M? given in the table may be unreliable. 


36. Stations whose M, ts due chiefly to a stationary wave. 


By section 29 the values of M3; and Mj should in a short canal closed at one end 
approximately satisfy the relation 2 M:— M;=180°. At the following places this rela- 
tion is always satisfied to within 30° and generally much less. In many cases the 
stationary wave ts the shallow marginal strip of the sea. 

(101) Charleston, (105) Fernandina, (210) Panama, (251.5) Hooniah, (252.5) 
Granite Cove, (262) Valdez Arm, (271) Kaskega Bay, (440) Hongkong, (642) Santa 
Cruz, (643) Bolinao, (644) Sual, (660) Honolulu, (755) Vizagapatam, (845) Suez, (908) 
Duala (Kamerun), (942) Boyard, (943) Rochelle, (944) St. Nazaire, (986) 
Wilhelmshaven. 

It will be seen from the table that, as might be expected, many stations are interme- 
diate between these two cases: e. g., New York and Savaunah; Hanstal Point, at the 
head of the Gulf of Kutch. 


37. Stations whose M, 7s due to a truncated low water. 


If the low waters are to be flattened while the high waters are diidistarhed, it 1S 
evident that Mj and Mj should approximately satisfy the relation 2 M’— M°=o. 

The occurrence of truncated low waters must be rare. Kokinhenic Island, Copper 
River Delta, (latitude 60°18’.1N., longitude 145° 03’ W.), is situated among exten- 
sive flats. At low water there is apparently little or no connection with the outside 
waters, for tides were there observed night and day during a period of two weeks (June 
27 to July 11, 1898), by H. P. Ritter’s hydrographic party, and the greatest variation 
in the height of low water during t.1is time was less than 0.8 foot, notwithstanding the 
large low-water inequality along the outer coast (Fig. 2). See tables of harmonic 
constants given under section 19, Part IV B, and section 34, Part V. The truncated 
low waters should cause a large M,, whose epoch expressed in time should approxi- 
mately agree with that of M,. Under No. 255, section 34, it is seen that 2 M?g—Mi=11°, 
and thatM,/M, =o. 284. 
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38. Stations where M, ts due to displacement of level due to currents rounding a potnt. 


From section 12, Part IVA, it appears that if a current rounds a cape and so causes 
the particles to describe arcs of concentric circles with equal angular velocities as seen 
from the common center, the amount of transverse tilting resulting therefrom will vary 
as the square of the velocity of the stream. Hence the outer threads of a stream har- 
nionic in time will produce a sharpened elevatiou at the time of the maximum velocity; 
and at the same time the inner threads will produce a similar depression. .°. M, has 
its maximum or minimum at the time when the stream is swiftest. If the time of 
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Tide curve, Kokinhenic Island. 





high water agree with the time of greatest flood velocity, then at the outer side of the 
curved stream 2 M}— M{=o and at the inner side 2 Mj— M{= 180°. 

Off Victoria, Vancouver Island, the greatest maximum flood velocity occurs near the 
time of high water; being on the inneredge of the stream, 2 Mj— M{ should lie near 
180°. Observation makes this out to be 181°. : 


39. Stations where the duration of rise exceeds the duration of fall, 


For tides of this character the relation 2 Mg—M{=270° should be approximately 
satisfied. ‘The M,in such cases seems generally to be due, in some way not easily 
explained, to the fact that the station is situated either upon a strait or at or near the 


a 
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head of a bay or estuary. At the following stations this condition is satisfied to within 
30 degrees or less: 

(85) Old Point Comfort, (113) Key West, (114) Tortugas Harbor, (129) Biloxi, 
(145) Vera Cruz, (184) Montevideo, (186) Buenos Ayres, (224) Fort Point, (225) Sau- 
salito, (230) Port Townsend, (246) Seymour Narrows, (265) Kodiak, (267) Unalga 
Bay, (435) Amoy, (436) Swatow, (636) Santa Rita I., (636.5) Catbalogan, (640) 
Manila, (675) Fenschhafen, (684) Newcastle, (735) Akyab, (770) Pamban Pass, 


No. 3. 


Qo 


| yf 
| 


Tide curve, Providence. 


(772) Tuticorin, (773) Trincomalee, (776) Colombo, (787) Beypore, (932) Lisbon, 
(954) Edinburgh, (978) Greenock, (982.2) Noord-Hinder Light Ship, (982.5) Schou- 
wenbank Light Ship, (1000) Christiania, (1001) Oscarsborg. 


40. Stations whose M, ts chiefly due to a fractional oscillating area. 


If the length of the arm of water upon which a station is situated approach YA, 
where A denotes the length of the M,-wave, and if the water lying outside of this arm 
be shallow for some distance, then the M, will be unusually large at the station. 
According to section 34, Part IV A, one would expect that the phase of the M, tide 
in the arm of water should, in the critical case, be one-fourth of a period behind that of 


4 
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the M, tide outside. This, however, necessitates that shoal water exist at the outer end 
of the arm of water, in order that an inward progression shall arise. If everything is 
practically stationary immediately outside, then the arin will be in the same or in the 
opposite phase to the outside water according as its length is less or greater than YA. 

Consider Newport, Bristol, and Providence, upon Narragansett Bay. By the table 
M,=0.18, 0.29, 0.34 foot. {=120°, 134°, 150°, and 2 M3;—M$=:315°, 310°, 307°, 
respectively. 

If a body of water symmetrical to Narragansett Bay were located to the south and 
joined the latter along an east-and-west line across the mouth, the period of free oscil- 
lation of the body composed of these two would, on account of the narrowness of the 
connecting passes, be very nearly 6 hours. But, as there is little progression in the 
locality of the mouth of the bay, the stationary wave will extend some distance sea- 
ward, and so be somewhat more than 4A long. The phase of the M, oscillation in the 
bay will therefore be 180° different from its phase outside. Also, 2M?—Mj; should, 
because of the stationary character of the M, wave, be approximately 180° different 
in the bay from the corresponding value outside. Observations at Newport give 
2 M:— M{=315°, and so the inferred outside value is 315°—180°=135°. This value 
seems reasonable, as it lies between the value for a progressive and stationary wave; 
and such is the character of the tide between Narragansett Bay and deep ocean water. 
Because of the critical length of the bay, a small M, outside will cause a large M, at 
Providence. 

The values of 2 M3— M? in the bay indicates that the duration of rise must exceed 
that of fall; also, that there is a tendency to a double low water, which becomes con- 
spicuous at Providence. (See Fig. 3.) 

At Portland Breakwater, England, the value of 2M§—M is 356°, a value very 
favorable for double low waters. The cause of this peculiarity is not easily ascer- 
tained.* 


41. Stations where an apparent M, arises from want of free communication betwee 
the float box and outside water, or a real M, in a nearly inclosed harbor. 


As noted in section 9, Part IV A, an imperfect flow into and out of the float box 
will give rise toan M, whose epoch is connected with that of M, by the relation 
3 Mi— 

Upon looking over the table it will be seen that at few if any stations is there a 
large M, whose epoch is such that the above relation is satisfied. Consequently it 
seems fair to conclude that the observations upon which these values are based were so 
carried on as to be practically free from such errors as would result from too restricted 
openings through the walls of the float box. 

No analyses giving M, are available for harbors having very narrow openings. 
Probably this sharpening of the highand low waters on the marigram at Melbourne, 
Port Phillip, could be shown to exist if the M-sums were analyzed for M,. 

It will be noticed that those places given in the table where this relation is 
approximately satisfied, are in many instances land-locked harbors. It seems probable 
that this topographic feature explains the M, at such places. 























- For : a tide curve at this place: see Plate 26, Eruption of Krakatoa and sibacquéent Phenomena. 
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42. Stations where M, ts due to the hydraulic effect in a strait connecting two tidal 
bodtes. 


According to Section 37, Part I, the current curve for the strait has its maxima 
and minima flattened and so the duration of slack lessened, i. e., 3M2—M3= 180°. 

While it is assumed that the tides some distance from either end of the strait are 
not affected by the current and tide in the strait, a like assumption does not apply to 
the waters just off its ends. 

Suppose the case of a short strait having a large stationary tide wave off one end. 
At about the time of its low water the current of the strait will be at its strength in 
that direction. This velocity will be greatly diminished upon leaving the strait because 
of the sudden enlargement of cross section of the stream. Whatever tide is thus made 
will occur at about the time of the slackening of the stream in this direction. This 
corresponds to the case of a small opening into a float box, Fig. 7, Part IV A (see 
also case just described). Hence the considerable sharpening of the M, tide curve where 
the strait joins the larger body. 

.". 3M3—M’=o where M, denotes the tide due to the strait. Also, M?=M?&+ 
go’ where M$% refers to the current going toward the stationary wave. 

.". M3=3 (M34+-90°)=3Mi—g0°, 

East River joins Long Island Sound at Willets Point. The western end of the 
sound is largely surrounded by land, and so is influenced by the Hell Gate tide. More- 
over, it is approximately low water in the western end of the sound at the time of 
iaximum eastward velocity in East River. From Fig. 11 it is readily seen that for the 
eastern portion of East River M]=6X30°=180°. The relation M{=3 M$—g0° gives 
M§=g0°. From observations made at Willets Point Mg=84°. Here 3 Mf[—Ms=182°; 
hence the tendency to double high water and to double low water. (See Fig. 9, 
Pt. I.) 

43. References to discussions of tides not simply harmonic: 


E. Barlow: An Exact Survey of the Tide, pp. 149-153. 

M. de Lalande: Astronomie, Vol. IV, sections 123, 151-154. 

G. B. Airy: Tides and Waves, articles 503-520. 

Wm. Ferrel: Tidal Researches, section 254. 

M. Comoy: Etude Pratique sur les Marées Fluviales, et notamment sur le Mascaret. 

O. Kriimmel: Handbuch der Ozeanographie, Vol. II, pp, 256-275. 

The bore: 

G. B. Airy: Tides and Waves, articles 513, 514. 

O. Kriimmel: Handbuch der Ozeanographie, Vol. II, pp. 275-280. 

V. Cornish: London Geographic Journal, Vol. 19 (1892), pp. 52-54. 

W. B. Dawson: Survey of Tides and Currents in Canadian Waters, Report of 
Progress, 1899, pp. 22-25 and Plate II. 

W. H. Wheeler: A Practical Manual of Tides and Waves, Chap. XII. 

This manual, Part I, Fig. 19, sections 15, 65, 67, 73, 83; Part V, sections 86, 94. 
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CHAPTER IV. 


COMBINATIONS OF MOTIONS. 


44. The combination of two progressive waves. 


Suppose the space origin to be situated at any convenient point, and suppose one 
progressive wave to move towards +. and the other at some angle to this direction. 
Suppose the time to be reckoned from Greenwich or any other given meridian. Let 
7’ denote the time of maximum positive velocity of the particles in the first wave at 
the origin and 7” that of the second at the origin. Then the maximum positive velocity 
may be written 

; u= A' cos (at—lv—aT"')=A’' cos (0—/x— 8’) (240) 


v= A" cos (at—ly—aT")=A" cos (6—ly—&"), (241) 


where the axis of y is generally oblique to the axis of x. For convenience the dots 
which have been in many places used to indicate velocity, amplitudes, and epochs will 
be omitted in this chapter. 


24 72 
From 0 o, we have, for finding the times of the resultant maximum and 


minimum velocities, if x and y are at nght angles to each other, 


A" sin 2 (Ix+e’)+ A” sin 2 (y+e’) 


ga si +e) +A sin 2 (+e) 
tan 2° "4 cos 2 (lx-Le’) +A" cos 2 (ly +e") (242) 








For a given value of 6, this equation represents a cocurrent line in the xy-plane. 
If y coincides with +, then from 








(Ure) 
90° ~% 
_ A’ sin (dlv+e’) +A” sin (/r+e") 
GA — : 
tan A Cos (dv+e’) +4” cos (lx+te’’)’ . (243) 
ince Cie) (244) 





The time is referred to the time of maximum velocity (and also of high water) of 
the first wave at .=o if é’=0, and to the time of maximum velocity (and also of high 
water) of the second wave at y=o if &”=o. The amplitude of the velocity of the cur- 
rent at any point x, y, is obtained by substituting for @ in (240), (241), its value from 
(242), and afterwards taking the square root of «?+-2". 


45. The combination of a stationary and a progressive wave, both lying in the same 
direction. 

Suppose the space origin to be situated at a loop of the stationary wave, and suppose 
_ the progressive wave to move towards +2. Suppose the time to be reckoned from 
Greenwich or any other given meridian. Let 7’ denote the time of the maximum 
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positive velocity of the first wave at (near) + =o and 7” that of the progressive wave 
atx =o. Then the resultant velocity may be written 


A’ sin Lx cos (at—art’)+ 4” cos (at —lyv—ar"), 
or ) 
A’ sin /x cos (A—&')+-4" cos (8-1 x—€"), (245) 


From 70 <= 0, we have, for finding the times of the resultant maximum 


and minimum velocities, 
4 sin dv sin &’ 4" sin (2x+ &"), 


ee a CO, Tn so ry? (246) 
A’ sin Lv cos €'+.4" cos (dx+e"’) 


tan 6= 


and for the position of maximum or minimum velocity at any given time or hour, 


= wf’ sin (A-—28& 
cot dxr=cot (d—& "yn eno ere . (247) 
The time is referred to the time of maximum positive velocity of the stationary 
wave if &’=o0, and of the progressive wave at r=o, if &’=o. The former assumed 
time refers to mean water of the first wave and the latter to high water of the second. 
If &’ be replaced by &’+ 90° in the above equations, the time will be referred to the 
time of high water at x=o of the stationary wave. The amplitude of the velocity at 
any point x is obtained by substituting for @ in (245) its value from (246). 


46. The combination of one stationary wave with another lying transversely to it. 


Suppose the space origin to be situated at a loop of each wave. Suppose the time 
to be reckoned from Greenwich or any other given meridian. Let 7’ denote the time 
of the maximum positive velocity at (near) x—o of the stationary wave whose motion 
is parallel to x, and 7” the time of the maximum positive velocity at (near) y=o of the 
stationary wave whose motion is parallel toy. Then 


u=A' sin lx cos (af—aT )=-1’ sin Lv cos (A—8'), (248) 
v= A” sin ly cos (at—a7")= 4" sin Jy cos (0—€”). (249) 
+e =A" sin® Le cos? (6—€')+.4’" sin? /y cos? (A—€), 
0(°-+ 2") 


70 =o we have, for finding the time of the resultant maximum and 


From 





minimum velocities, 
is a p—_" sil "lx sin 2é'+.4"" sin */y sin 28” Gee) 
A” sin "lx cos 2@’+.4'" sin */y cos 2€” 
By assuming a value 6 (i. e., to at), this equation gives a relation between x and y 
which 1s the equation of the cocurrent line from the assumed time. 
From (250) we have 
dy A” cos 2/4 sin 2(4—8') 


aes aaa 251 
ax A'" cos 2/y sin 2(4—e&)’ (251) 


which gives the direction of the cocurrent line whose characteristic is # at any per- ° 
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missible point .v, 1. The ratio appears to be indeterminate where /x and /y are both 


, - - _ A” sin 2(96—8’) a 
odd multiples of 45°. The value is, however= — 4" sin 2(0-—8") For the lines /x= 


an odd multiple of 45°, e becomes generally zero, and for /y=an odd multiple of 45°, 


it generally becomes infinite. Hence: 

The cocurrent lines are normal to the lines in a square oscillating area drawn 
parallel to the sides and at a distance therefrom equal to one-fourth the length of one 
side. 

At the center of the square where /r=90°, /y=9g0°, 

dy _ _ A” sin 2(6—@') 


dx =A" sin 2(0—€") (252) 








From the fact that two stationary waves of different phases are combined together, 
and that at the centers of the sides the times of maximum velocity form a cycle of 
values, it is readily seen that the time of maximum current will assume all hours as we 
proceed around the square. 

The equation 


A” sin? /y cos?(6—e&)+.4"" sin*/y cos? (€—e&”) = (constant )* , (253) 


represents a line along which the velocity at any given time is constant, while the 
equation 
A” sin ly cos (0—e&") _ 
A’ sin /v cos (0—€ ) ~ 





constant, (254) 


represents a line along which the direction of motion is constant. This last expression 
is equivalent to the tangent of the angle formed by the direction of the motion and 
the x-axis. , 

If we eliminate 6 between (253) and its derivative with respect to @, the result 
will be the equation of a line of equal maximum velocity, 1. e., of equal velocity ampli- 
tude. The result being the envelope of (253), it follows that all lines having one and 
the same velocity are tangent to the line of equal velocity amplitude. 

If @ be eliminated between (254) and the derivative of (250), the result will be 
the equation of a line along which the direction of maximum velocity 1s constant. 


The numerator and denominator in the expression for tan 26 will vanish, and so 
the time of maximum or minimum current becomes indeterminate if 


A’ sin ly=A”" sin ly, 
2@=2 e"4+(2v4+1)%. (255) 


These values substituted in the expression for « and v show that the component veloc- 
ities are there equal in amplitude and differ in phase by 90°. Such points may be 
called ‘‘circular points.’’ From them the cocurrent lines radiate, their direction for a 
given value of @ being the angle whose tangent is dy/dx as obtained from (251). 
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47. The combination of a progressive wave with a stationary wave lying transversely 
lo zt. 


Suppose the space origin is so taken that x+=0 at a loop of the stationary wave, 
and suppose the progressive wave to move towards +, a direction transverse to the 
motion of the stationary wave. Suppose the time to be reckoned from Greenwich 
or any other given meridian. Let r’ denote the time of maximum velocity of the 
stationary wave at (near) x=o, and 7” that of the progressive wave at y=o. The 
velocities may be written 


u= A" sin lx cos (at—at')=A' sin lx cos (0—®), (256) 
v=A" cos (at—ly—at")=A" cos (0—ly—&’). (257) 


2 
From ete) =o we have for finding the times of maximum and minimum 
velocities 
A” sin *Ux sin 2€-+A" sin 2 (y+ e”) 


tan 20a sin Wx cos 26-A™ cos 2 (y+e") oy 


By assigning a value to 9, (i. e., to af), this equation gives a relation between 
x and y, which is the equation of the cocurrent line for the assumed time. 
The equation 


A” sin “lx cos *(0—€&) +A" cos * (6—ly—e’’) = (constant )* (259) 


represents a line along which the velocity at any given time is constant, while the 
equation 
A” cos (O0—ly—e’’) 
A’ sin lx cos (0—@) 





= constant | (260) 


represents a line along which the direction of motion isconstant. This last expression 
is equivalent to the tangent of the angle formed by the direction of the motion and the 
X-axis. 

If we eliminate 0 between (259) and its derivative with respect to 6, the result will 
be the equation of a line of equal velocity amplitude, as in the preceding case. Similarly 
for the line along which the direction of maximum velocity is constant. 

The particles will describe rectilinear paths if v/ is a constant, i. e., free from @. 

At any point defined by the equations 


A’ sin dx=+A", 


eal pere( 2) De, (261) 


it is observed from (256) and (257) that «=v, or vu=1. 
The numerator and denominator in the expression for tan 20 will vanish, and so the 
time of maximum or minimum current become indeterminate, at the points 


A’ sin /r=.4", 


26 = 2(/y+eé")+(2v+1)7, (262) 
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These values substituted in the expressions for « and v show that the component 
velocities are there equal in amplitude and differ in phase by 90° Such points are also 


called ‘‘circular points.’’ From them the cocurrent lines radiate, the direction for a 
given value of 6 being the angle whose tangent is 7 as obtained from (258). 


48. Currents in a marginal strip of shallow water. 


Given the rise and fall of tide and the varying depth of the water from the shore 
outward, required the current velocities at various distances from the shore upon the 
assumption that the tide in the region considered is a dependent stationary wave of 
sensibly constant range. 

Let x be reckoned outward from the shore line and ¢ from the time of high water. 
Let 4’ denote the amplitude of the tide and a its speed. Let A=/(x) be the depth at 
mean-tide stage. Then the tidal volume, one unit broad and extending outward from 
the shore line a distance % is 

Ax cos at. 


The cross section at x of unit width has for its area 
J(*)+A cos at. 


Assuming the flow to take place in vertical slices, the velocity at any given time of 
tide is 


2 sana, UIE Com) 
*=—~F(x)+A cos at at ; (263) 
Aax sin at 


I(x)+A cos at 


This is not strictly harmonic. The last half of the flood and first half of the ebb will 
appear, upon a plotting of the current, more nearly like a straight line than would have 
been the case for simple harmonic motion, while the last half of the ebb and first half 
of the flood will have more curvature because of this irregularity. 

Ignoring the effect of the rise and fall upon the cross section, 


_ Aax sin at 
oO fay” 
which is simply harmonic. 
For M,, z=m,=0.000 140 5 radian per second. 
If f(x+)=x+ A, 7A being the depth at the shore and yu the downward slope of the 
bottom, then 
_ Aax sin at, 
u— x +H ’ 
and if /7=o0, 


“— Aa sin aé. 
Kb 
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Hence, the off or on shore velocity for a uniformly sloping bottom, the depth of water 
being zero at the shore, is independent of the distance from the shore. 

If u=0o, 
_ Aax sin at. 
= 
that is, the off or on shore velocity for a shallow strip of water of uniform depth is 
directly proportional to the distance from the shore. 

The cases found in nature often lie between the two just considered. 

It is important to observe that for a uniformly sloping bottom the refluent under 
currents due to winds diminish from the shore in going outward. 

Let r’ denote the time of high water of the stationary wave at x=o and ft” that of 
the progressive wave at x=o. ‘Then the velocity due to a stationary wave normal to 
the shore line may be written 


a 


, 


? sin (at—at’) 





where 4’ is amplitude of the stationary portion of the tide. The velocity for the pro- 
gressive wave near the origin and along its line of advance is, equation (38), Part I, 


a" fe cos (af—ar"’ ), 


A" being the amplitude of the progressive portion ofthe tide. If this progress shore- 
ward, the total offshore velocity is 
= sin (af—at’ )—A” Vf cos (af—art’’), (264) 
} 
This becomes zero when 


a sin at’+ 8 cos at” 


af= 26 
kant a cos at’—£ sin at!” (265) 


A'a 





where a= 


and paar fe 

If i 1’ 250) 

_ A” - fg 
tan af=" 5, Ay (266) 

.. if A’’=0, slack water occurs at the time of high or low water, but if 4’=o0, three 
hours before or after. | 

Progressions result from such irregularities in the shore line as estuaries and 
narrow openings into bays, also from certain irregularities in the bottom, although the 
rise and fall of the outside waters is, of course, the cause of all such motion. ‘The time 
of tide on the general shore line depends little upon the existence or absence of estuaries 
and straits leading inland. Hence, the time of high water in the entrance to such 
estuaries or straits can not differ much from the time of tide for the same shore line 
devoid of such irregularities. The difference generally becomes greater as the size of 
the estuary or other shallow arm of the sea increases; but it seldom exceeds one hour 
and is generally much less. Because of the existence of an antecedent wave (sec. 8, 
Part IV B), one can assume that somewhere not far off the mouth of the estuary or 
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_ strait, the time of tide is the same as it would have been had no such opening been 
present. For this point the time of turning of the current will approximately satisfy 
(266); and conversely if the time of turning is known, the ratio A’ A’ can be estimated. 


In fact, e is often in the neighborhood of 15, and, for the shelving areas here con- 


sidered, VE generally ranges from’ one-fourth to unity or more. Since the observed 


delay of turning outside the estuary seldom exceeds one hour, it follows that A” is 
there a small fraction of A’. 

As the estuary is approached and entered, the tr” terms in (264) become dominant 
and ¢ approaches the values r’’+3". On the other hand, equation (265) shows that 
when / becomes sufficiently great, ‘=1' or t’+6", as was to be expected. 


49. The combination of a progressive stream with a stationary one lying transversely 
to it. 7 


Let the velocities of the stationary and progressive motions be written 


u=A' cos 0, 

v= A" cos (A—l"y—e&"); 
then . 

Oe +e) 
a 
leads to the equation 
A’ sin 2(2" y+ ee” 
A"™+ A" cos wurtcat (267) 
which gives the time of maximum or minimum current at any point x, y after the time 
of the maximum current in the stationary wave; 4’ and A” are supposed to be func- 
tions of x, y, suited to the problem in hand. 
There exists a point at which the component velocities are equal in amplitude and 

differ in phase by an odd multiple of 90°. For, the point x, y will cause the numerator 


tan 20= 





of (267) to vanish if 2" y+ €’=o0 or (avt1)= . This second value of y substituted in 


the denominator will cause it also to vanish, and so the time of maximum current to 
become indeterminate, if 4’=A". The value of + thus determined is the remaining 
coordinate of the point in question and which, as already noted, may be styled a ‘‘circu- 
lar point.”’ | 

In particular, suppose 4’= constant and suppose 4” to be some such function of 


——s 3 —_— e e . e ® e e e 
xas A’'e ?* or oF A! Taking the circular point as the space-origin it is evident 


that all along the line +=o0, the component velocities are equal. Since for simplicity 
e’ has been taken as zero, &’”’ a denotes the excess of the current hour of the progressive 
wave at this point over that of the stationary wave. The velocity ellipse at any part 
x, y, will have its y-semiaxis numbered 7’ y+’ in excess of the numbering of the 
x-semiaxis. The latter number is the current hour of the stationary wave multiplied 
by a. 


12770—07 ——2I : 
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50. Given the two component velocities, to find the time of occurrence of the maximum 
velocity, together with tts value and direction. 


Let the velocities be writtet 
u=t' cos 6, 
v=t" cos (0-E£), 


where E=/"y+e". Then the time is given by the equation 


4A sin 2 E 
A Shee : 
ane A+ A™ Cos: 2 33) 
If we have 
z—.4 cos 0+8B cos (0+ £8), 


the time of the maximum or minimum value of z is given by the equation 


B sin B 


6é——_..* 
tan ALB cos B 





where # is the phase of # relatively to the phase of 4, or 


° tan 6G=—_ B sin £ 
A+Bcosé 
if -=—f. Or, 
B sin 8 | 
— A= Bi ieee ee, 
tan tan ALB cs B (269 ) 


Hence Table 14 can be used directly as it stands provided we make the following 
substitution 
For .4, 4’; 
for #, A’: 
for 7”, 24; 
for ff, 2 F=2 (l"y+e"), 


For distinction, v’ is here used to denote the wv of sect. 4, Part III. 
Upon substituting in « and v the value of @ thus found, the value of the maximum 


current, ?+ 2’, and of its direction, tan *$= , become known. 


51. Given the times and the magnitudes of two components at right angles to each 
other, to find the times, directions, and magnitudes of the maximum and minimum 
velocities. 


Let 
u= A’ cos (at—aT"’)=A' cos (§—8), (270) 
v= A" cos (at—aZ7")=A" cos (6—€"). (271) 


The required times are given by the equation 


_ A” sin 2+ 4” sin 28” 
: tan 20=" = 12 we a pll (272) 
A™ cos 2@’+ A’ cos 2€ 
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From the harmonic analysis of the observations the component amplitudes or 7's 
and the local epochs or «’s are supposed to be known. Upon substituting these for 
the 4’s and é’s in the above formula, the required times, referred to the time of transit 
of the tidal body across the local meridian, become known. 

Take one of the four values of @ and substitute it in the expression for « and v. — 
The signs of « and v will show the quadrant of the corresponding maximum and mini- 


mum velocity; /?+v* will be the value of the velocity, and = the tangent of its direc- 


tion with the .v-axis. 
Tables 14 and 15 can be used in this connection if we take as time origin the time 
of maximum velocity in the +«-direction and make the following substitution: 


For 4d, A”, 
for B, A”: 
for v’, 20; 
for f, &”. 


52. Given the times, directions, and magnitudes of the maximum and minimum 
velocities to find the velocity at any other time. 


Suppose that here uw, v, 4’, A”, &’, &”’, refer to the given principal directions, and 
not to the arbitrary north and east or y- and +-directions. 
The equations (270), (271), (272) still apply, but with the additional restriction 


é"’ = &'+90°. 


The component velocities along the principal directions are the values wz and v 
with the given value of ¢ or @ substituted. 

To find the velocity at any given time graphically, describe a circle with twice the 
maximum velocity as diameter. Divide the circumference into twelve equal hour 
spaces. Mark the required time and draw an ordinate to the diameter through this 
point. Diminish this ordinate in the ratio gota iets einen VEOCIy . The line drawn from 

maximum velocity 
the center to the extremity of this diminished ordinate represents the velocity for the 
given time in both magnitude and direction. 


53. Given the times, directions, and magnitude of the maximum and minimum 
velocities of the periodic current also the velocity of the permanent current to find the times, 
directions, and magnitudes of the resulting maximum and minimum velocities. 


Let the velocity ellipse of the periodic current be written - 
rr Eo 
gt pth ort yan (273) 


and let x’, y’ denote the extremity of the vector representing the velocity of the per- 
manent stream taken in the reverse direction. Then the distance D from this point to 
any point on the ellipse satisfies the equation 


(x'~x)P+(~yPhHD. (274) 
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- Substituting in the expression for D* the value of » from (273) and equating the 
x-derivative to zero there results the equation in -v 


by’ x 
*_ BF) ax fe ae =O; 
(4 ar pe : (275) 
Tt 
Writing sin @ for f this equation becomes 
(a*—6) sin 646)’ tan 0—ax’=0, (276) 


which is of the same form as equation (28), Part III; this is tabulated in Tables 17 
and 44. 

Having thus found the value of x, the value of y becomes known from (273); the 
required maximum and minimum velocities then become known in both magnitude 
and direction. 

The velocity ellipse may be denoted either by the single equation (273) or by the 
two equations (270), (271), provided 4’, 4”, ¢’, &”’, in the latter refer to principal 
axes. Hence the angle 9 becomes known through them for any particular point, x, y or 
u, v. Consequently the times become known when the velocities attain their maximum 
or minimum values. . | : 

54. Rectilinear tidal currents combined with a permanent current. 


By means of the parallelogram of velocities it is easily seen that the time of maximum 
tidal current is the time of maximum resultant current (sometimes of minimum current, 
if the resultant direction is more than 90° away from the tidal current considered). 
Hence, the observed time of maximum resultant current is the time of maximum tidal 
current. 

Given the resultant or observed maximum flood and ebb arrows to find those rep- 
resenting the true flood and ebb and the permanent current. 

Join the ends of the observed arrows and bisect the connecting line; join the origin 
and the point of bisection. This line represents the permanent current in position, 
magnitude, and direction. The two portions of the bisected line represent the true 
flood and ebb in magnitude and direction, but should be transferred to the origin, in 
order that the position may be correct. The value of an ordinary maximum current 
(slack) is the perpendicular distance of the bisected line from the origin. If @ repre- 
sents the angle between the permanent current and the true ebb, then the time of slack 
before flood will be accelerated over its position midway between the two strengths by 


Cccs os 


7 (277) 


ey 

; sin" ( 
hours, 4 being the amplitude of the tidal-current velocity and C the velocity of the 
permanent stream. 


: , ) ee C . 
If @=0, as in a tidal river, then this value becomes = sin-? vr If ii: such cases 


F denote the numerical value of the strength of flood and £ that of ebb, then 


C=3(E-F). (278) 
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Where the tidal currents are not rectilinear, but elliptical, the heads of the radiat- 
ing arrows representing the observed velocities (at each hour, say) will lie upon the 
perimeter of an ellipse. The major semiaxis found from the plotting represents in 
magnitude and direction (byt not in position) the maximum tidal velocity, and the 
minor semiaxis, the minimum. The permanent current is represented by a line 
drawn from the origin of the plotting to the center of the ellipse. 


55. Circular points. 


Fig. 4 represents the case where 


AnanT* A’, é’=0, and &’=90°. 
", u=A’ cos §, 
L-x L-x 


ee ae A' cos (0—l"y—go°)= A’ sin (O0—l"y). 


£ 
With a given @ and x, y, it is easy to find upon the diagram the w and v of the maxi- 
mum velocity. 

For a minimum, use the same equation but decrease or increase 9 by go° according 
as the velocity wanted is before or after the maximum. It will be noticed that in the 
figure the rotation of the current arrows is counterclockwise. 

From (267) and the assumptions just made 


L-—x~\ 
(=") sin 2 (2’y+ 90°) 


tan 2 0=. L. rar =, (279) 
1+(47* Joos (Py+-90°) 
=p ly, 
x 
near the origin. In this vicinity : 
: dy _ K—2 I'v 
de Pag peg Oe 
where A’ is written for tan 2 4. At the origin 
dy_ OK _ 
pp eee (280) 
.tang=— tan2 6. 


eo 
The cocurrent lines radiate from the origin; their numbering is clockwise and 
ranges from o to 6 hours. 
At the origin 
w= A’ cos @, 
v=’ cos (8—g0°); 


consequently the rotation of the current is counterclockwise, the period being 12 
hours. 
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Suppose +=0; then from (279) 


ana = ee ay en 
Fig. 4 shows a strip such that . 
—go0°</” F <go°. 
For negative values of y, within these limits, tan 2 4 is positive, and for positive 
values of y, it is negative. For /’y=—go0°, 6=0, and for /’y=go°, 6=180°. 
If 


—= 2 ° 
A"=A'e Pr, é’=0, and e''=90°, 


— 2p*x : is 
tan 2 = —‘__ sin 20° y (282) 


__ nd? 
1—e P* cos aly 





Near the origin 


Pa ga 1— 2px 
dy. _ 2Kp—2l"ply ._ Kp’ 


dx aK 


If 


the stationary portion becomes dominant as x increases in value, while the progressive 
portion becomes dominant as x increases numerically in the negative direction. 


_— 2 
mo “5*) LID” sin 2(2’y+ 90°) (283) 
tan 20=--——— >, ~ i 


—_— 2 qe ee 
C “eh "+ D( =F") ery cos 2(2’y+ 90° ) 


If A’=C, i. e., if P=o, also if D=C; then the line of equal component velocities (1. e., 
where ~=v) is not the y-axis, but is a curve tangent to the y-axis at the origin, and the 
distribution or radiation is the same as that shown in the figure. 

Circular points may frequently be regarded as resulting from the crossing of two 
tidal streams, the phase of one being nearly constant in respect to distance, the phase 
of the other varying rapidly (i. e., /” is much greater than /, which depends directly 
upon the depth); the former may be spoken of as a stationary stream and the latter as 
a progressive stream. The velocity amplitudes in either or both may vary according to 
any regular law. At acircular point the component-velocity amplitudes must be equal 
and lie perpendicularly to each other, also the phases in these two directions must differ 
by 90° or three hours. 

If two such streams intersect (not necessarily at right angles) there will generally 
be a line along which the two component-velocity amplitudes in these directions are 
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equal toeach other. For, the ratio of these two amplitudes may be supposed to vary in 
the region covered by the streams according to some law, and in particular, near any 
point at which they happen to be equal. Along a certain line drawn through this 
point the amplitude ratio will vary most rapidly, and along some one line it will not 
vary at all from unity. 

Lay off from any point two arrows, each equal to the amplitude of either compo- 
nent velocity, their direction being the directions of the two streams. But the simply 
harmonic motions (displacements or velocities) along two intersecting paths, give as the 
resultant path or hodograph, an ellipse, whose center is this point and whose major or 
minor axis bisects the angle between the two paths. By varying the phase of one mo- 
tion relatively to the phase of the other, all forms of ellipses will be obtained and all of 
these will be inscribed in a rhombus, the centers of two of whose sides are the outward 
extremities of the given paths. One of these ellipses must be a circle. Note the rela- 
tive phase corresponding to the circle. If it is +g0°, the point isa circular point. If 
not, go along the line of equal amplitudes until the relative phase for the circular paths 
is +90°. 


56. Zo find the time and amount of the greatest height difference for a strait connect- 
ing two tidal bodies. 


Let 6=at and suppose the time origin to be the time of high water at the end 
characterized by the single subscript. Then z,—z,,or A,¢os 0—A,, cos (8—®) is to be 
a maximum or minimum. The time after the 4, high water when this will occur is 
given by the equation 


A,siné _ A,sinf _ 
A,—A,,cos€ <A,+A,, cos ‘24 v (284) 





—tan af¢=—tan 0= 


where f= 180° —é or €=180°—f. § 4, Part III. 


Now Table 15 gives the angle z’, and the ‘‘ HW phase”’ is the angle 8. Hence if 
we take the argument ff from 180° the tabular value of the table will, when reduced to 
hours, be the time whereby the time of the 4,-tide must be diminished in order to give 
the time when the 4,-height most exceeds the 4,,-height. 

If the time is reckoned from the time of the 4,,-high water instead of to the time 
of the 4,-tide, the 4,,-height will most exceed the 4,-height at times given by 
entering Table 15 with «= $—180°, using the ‘‘ HW phase’’ or § written at the bottom 
of the table. In this way Table 60, showing the time of maximum slope, has 
been constructed. 

Either of these values of € substituted in 4, cos @—A,, cos (0—f) gives A, cos 8 
+ A,,cos (6+) which is of the same form as the height due to two simple tide waves, 
equations (19), Part III. Hence if the columns of Table 16 be taken in the inverse 
order these results follow immediately. Table 61 shows the difference in surface eleva- 
tion for the two ends of the strait. 


In accordance with sections 35, 102, Part IV A, the time of strength of flood or 


ebb in a strait of length Z connecting two tidal bodies is given by the equation 


A,cos ((L—.r) cos a,—A,, cos /* cos @ 
tan af” =“. , ) | lias Jide IM, 


—~_/ Seer 2 eee 8 
A,cos /((L—.x) sin a,—A,, cos lt sin @,, (285) 








koe ae ay ee 
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If ZZ is but a small fraction of 27, the above equation becomes 


Aye cos @,—.4,, Cos @,, 


tan af’= 
A, sin a,—.4,, sin @, 








(286) 


Let a=o, then a,,= —€é, and 


A,—<A,, cos & 
cit af ona, 8 
4,, sin € (237) 





tan af’ = 


_.at” is go° greater than afin (284), 


and so the greatest velocity occurs three hours after the time of greatest slope. 
This is what would be expected in small slope motion through a straight sufficiently 
long for oscillatory motion to occur, and connecting two deep tidal bodies whose hori- 
zontal motions can be ignored. (Cf. sec. 11, Part IV A.) 

Where the strait is so short and narrow that the motion is due to hydraulic effects, 
the time of maximum velocity approachés the time of greatest slope. (See secs. 34-37, 
Part I; sec. 106, Part IV A.) 

The section of the strait at which the range becomes a minimum, pon the assump- 
tion that its instantaneous surface is a plane, may be found in the following manner: 

Let Z denote the length of the strait; + the distance of the required section from 
the end where the amplitude of the tide is 4,. The height at any section in the strait 
is (sect. 106, Part IV A) 


ge eee (288) 








the time being reckoned from the time of high water at the first end 


From a i. =o, we have 


A, xX sin a, 


t {= — soca: {ee 
ice A, | (L—x)+A,,x COs @,, (289) 





and from 


de _ 


ox 


A, Cos: a,—A,, 


tan af= : 
4,,sin @,, 


(290) 
; * A,(A,—4,, 008 a) 
=A, *4 04,22 4, 4,,cosa,, (291) 


These values of x and ¢ when substituted in the expression for € give the amplitude 
of the tide where it becomes a minimum. 

In the expression for x/Z it will be noticed that the denominator i is the square of 
the side of a triangle opposite the angle @,, whose including sides are 4,and 4,,. The 
factor 4,—A,, cos @,, in the numerator is the distance from the outward extremity of 
A,to a point upon 4, below the point marking the outward extremity of 4,,. 


Since F <1, it follows that 4,,>A,cos a,,, if a minimum occurs in the strait. 
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CHAPTER V. 
OBSERVATION AND REDUCTION OF TIDAL CURRENTS. 


57. Observations of the directions and velocities of currents are usually attended 
with considerable difficulty and expense; for, the work being carried on in boats, is 
liable to interruptions caused by unfavorable weather and in many instances by the 
passing of boats. The installation and maintenance of a fixed self-registering current 
meter is probably out of the question; and so the amount of observation must depend 
upon the time during which the observers are on duty. 

In whatever manner current observations are to be made, great care should be 
taken to ascertain and to give in the record the location of each station, not only by 
angles between three or more objects marked upon charts and hydrographic sheets, but 
also upon a tracing, sketch, or fragment of a chart, which should always accompany the 
record. Generally the position upon both flood and ebb should be shown. The work 
of the field party is not complete until the directions, azimuths, or bearings of all objects 
sighted upon in connection with the observations and all directions of the observed 
currents have been ascertained and given in the record. For locating stations, objects 
not too far away should be sighted upon, and these may be quite numerous; but for 
determining the direction of the current it is advantageous to use objects rather remote 
and few in number. If at some distance from land, positions should be given by 
latitude and longitude with as much precision as the means at hand will permit. In all 
cases soundings should be frequently made, as this aids in identifying the station and 
in judging of the probable nature of the current. 

The record should be given in such a form as to show readily directions and veloc- 
ities of the current, the depths at which the observations have been taken, the varia- 
tion and deviation of the compass. 

The kind of time used should always be specified, and care should be taken to 
write ‘‘a. m.’’ or ‘‘p. m.’’ at the top of each page and at the beginning of each half day. 

The purpose of the survey will govern the distribution of stations and the length 
of time during which they are to be occupied. Owing tu irregularities produced by the 
wind and the discharge of fresh water, each station should be occupied for several days, 
if possible. For such stations as may be chosen as principal stations in a hydrographic 
survey, the time of occupation should be 15 or 30 days. For determining the non- 
tidal currents, the same stations should be occupied at different seasons of the year. 


58. Floats. 


Current observations are usually made either by means of floats, or by means of 
meters having revolving vanes or cups. 

The float or log is usually a cylindrical body 2, 3, or more inches in diameter and 
from 1 to 4 fathoms in length. If hollow, the amount of weight necessary to cause it 
to float vertically, and to project a small distance above the water is easily applied. In 
case the float is a solid log, then the loading is accomplished by pouring lead into a 
hollow extending upward from the bottom, or by tacking sheet lead around the outside. 
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If double floats are used for obtaining the velocity below the surface, the lower one 
should be large in comparison with the surface or upper one. The lower float (if it 
may be‘so called) may consist of a sphere, cylinder, or two intersecting plane sheets of 
galvanized iron. In the last instance it is desirable to have air cavities at the upper 
edges of the intersecting vanes, and to attach leaden weights to the lower edges. In 
this way the proper tension upon the connecting cord or wire can be secured and the 
vanes will keep a vertical position. The upper float may be either cylindrical or 
spherical. 

Let the observed common velocity of the two floats be denoted by v,, the observed 
surface velocity by v,, then the velocity of the lower body (z,) will be 


yen UR AR) OR, (292) 
= R, 


where A, and #, denote resistances of impact upon the two bodies found by placing 
them successively in the same stream or drawing them through still water with the same 
velocities. The only assumptions implied in this formula are that the ratio of the force 
of resistance of the two bodies remains the same for all velocities (see secs. 12-14) and 
that the wire or cord connecting the two bodies is small. , 

The line, when thoroughly wet, should be divided by means of leather straps, sutt- 
ably marked by perforated holes into divisions each 50.67 feet in length, representing 
knots. Each of these spaces should be subdivided by knotted cords into spaces 5.07 
feet in length. If the interval used is 30 seconds, the number of large divisions run 
off will represent the velocity in knots per hour and the numbered smaller divisions the 
decimals of knots. If a run of 28 seconds be used, the principal divisions should be 
47.29 feet in length. There should be at least 60 feet of stray line between the float 
and the zero division, in order that the float may drift beyond the influence of the vessel 
before the measurements commence. The length of the line should be frequently 
tested. 

If a watch instead of a glass be used as the timepiece, the graduations of the line 
miay be omitted. In using such a line the number of seconds consumed in paying out 
a given length is ascertained, preferably by aid of a stop watch. If 100 feet is the 


length of line so run off, the velocity in feet per second will be 3 ~-, where ¢ denotes 
the number of seconds consumed. But 


(feet per second ) x= knots per hour, 
and so for 100 feet of line 
_45 100 _ 59.21 


v= 76 Paes knots 


6 
for a line 100X n= 168.9) feet long 
50 


var, and for a line 84.45 feet long, v= 


and so on. 
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That is, by taking a line of suitable length the velocity becomes the reciprocal of ¢ 
multiplied by a simple number like roo or 50. 


59. Observations by means of floats. 


There are numerous ways of observing currents by means of floats, some of which 
consist in (1) noting the number of knots or marks upon a log line which are paid out 
in 30 seconds of time; (2) noting the time required for a given length of line to be paid 
out; (3) following up a free float with a boat and fixing the positions from time to time 
by angles upon three or more objects; (4) measuring angles between the float and fixed 
objects by means of two theodolites located upon the shore, or watching the float pass 
two parallel ranges a known distance apart; (5) ascertaining the amount by which a 
vessel has been displaced through the action of a current. Asa rule observations upon 
free floats are objectionable because of the great labor connected with their reduction, 
and because they do not refer to a single point or station. 

In making observations with a line and float (first method) one man holds the 
reel while another notes the time. When the log Is cast, and the stray line 1s out so 
that the initial mark has appeared and has reached the fixed reference point on or near 
the reel, the person holding the reel cries ‘‘now;’’ the person with the watch notes the 
position of the second-hand, and when thirty seconds have elapsed, cries ‘‘stop.’’ The 
person at the reel now notices what division of the line has reached the reference point. 
This is recorded, and if the length of the line be sufficient, it may be allowed to run 
out for another thirty seconds after any particular division or marking of the line has 
reached the reference point on or nearthe reel. A stop watch will give greater pre- 
cision to all work of this kind. After the velocities have been noted, the log is still 
allowed to drift until its direction is ascertained. This may be done either by measur- 
ing with a sextant the angle between a fixed object and the float, or by directing the 
sights of a compass toward the float. If the float is to the right of the object of ref- 
erence, the angle is marked ‘‘A,’’ if to the left, ‘‘Z.’’ This rule should be invariably 
followed in the record. If observations are made with a compass, the direction should 
be recorded in degrees (not in points) and corrected for variation and deviation as 
indicated in the form for record. If circumstances permit, it 1s best to carry on simul- 
taneously both sextant and compass observations. During the day, the float should 
carry a wind vane, small flag, or slender rod; and during the night, a lantern. 

In comparatively narrow bodies of water the velocity of the current is often 
obtained by aid of two ranges transverse to the stream. The float is set adrift some 
distance above the upper range and picked up below the lower range. Observers sta- 
tioned on the shore note the time when each range is passed. Greater precision can be 
attained if observers stationed on the shore make simultaneous observations upon the 
float by means of two theodolites. This is important wherever the lines of flow are 
not known, or are not fixed in position for the varying phases of the tide. 

For convenience of reduction care should be taken to make current observations 
upon the exact hours and half hours. 

The time of the current’s turning (middle of slack) should be carefully observed 
and recorded wherever slack water occurs. ° 

The direction and force of the wind, together with the appearance of rips, eddies, 
and other interesting phenomena, should be observed and recorded. 
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60. Current meters. 


A current meter usually consists of a rotating meter wheel actuated by the impact 
of the water; a framework for supporting the wheel; a vane for causing the instrument 
to lie parallel to the lines of motion of the current; a counterpoise for causing the sus- 
pended meter to lie ina nearly horizontal position; a worm gear and wheels for record- 
ing the number of revolutions or preferably an electric connection ‘with a recording 
apparatus located in the boat from which the meter is suspended. 

A float may be used for determining the direction when observations are made near 
the surface. One of the chief requisites of current meters is uniformity of operation. 
Hence, all bearings and gears belonging to the meter proper should be tightly inclosed, 
if possible, thus placing them beyond the reach of the water and sediment. 

Woltmann’s mill, and the meters of Fteley, Revy, and Moore, have counting 
devices in the instrument proper. The Henry, Price, and Haskell meters are electri- 
ally connected with the observing or recording apparatus. 

For making observations at considerable depths, the meter must be provided with 
some means of determining the direction of the stream, and it is important that this 
may be done without the necessity of hauling up the meter after each reading. 

Pillsbury’s meter gives both velocity and direction, but has to be hauled up for 
reading. The Ritchie-Haskell direction meter has a registering aparatus in the boat, 
but requires great care in manipulation. 

If a revolving meter could be so constructed as to have its cups or small blades 
move with a velocity equal to that of the stream, then 


t) 
V=2nNTN YL, 


where 2 is the number of revolutions per second and 7 the radius or distance from the 
axis of rotation to the centers of the small cups or blades. The cup anemometer and 
the Price current meter partially fulfill these hypothetical requireinents. 

If small oblique vanes were placed upon the circumference of a skeleton wheel so 
that the whole wheel would in some respects resemble a wind mill, and if / denote the 
inclination of a vane toa line drawn parallel to the axis upon which the wheel revolves, 
then v denoting the velocity of the stream, the velocity of the rim of the wheel should 
be, in the case of no resistance, v tan /, Here wv does not equal 2 2 7 7, but 
2naurcot /. 

These simple illustrations show why one should expect to find current velocities to 
vary almost linearly with the number of revolutions. . In practice other small terms 
come into the expression for v or 7, and so it is reasonable to assume that v is of the 
form 


vr=a+fn+yn? 
61. Remarks on the use of meters. 


Shortly before using a meter it must be carefully rated for various velocities, and it 
should be tested from time to time. This is usually accomplished by driving it at 
_uniform rates through still water, the meter being attached to the prow of the boat and 
well submerged. The course over which the boat is driven being accurately known, 
and the various times and readings for each run being noted, it is not difficult to com- 
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pute a curve representing the rating. To do this, assume that observations or runs have 
been made giving directly the revolutions per second in each case, ViZ., 72,,%,, . - ., %ms 
and from the known times of going over the known course, the velocities in feet per 
second, viz., ,, Y, ..., UY, For convenience, write a, 6, c for 1 (=°), ”, 2?, then 
if we assume that the velocity and number of revolutions per second are already con- 
nected by the relation 


v=at fat yn’ (294) 


where a, f, y are constants to be determined, we have three linear equations for their 
determination, viz. 


z=m 

»} a,(aja;+5,P,+Gy,—n;) =9, 

z7=1 

=m \ 

Pp» b,(4;a, +58, + GY; —2;) =, (295) 
t=! 

zm 


» yaiat bP, +Ey{—2j) =O. 


ae | 


If the velocity is to be measured at a depth of only a few feet below the surface, the 
meter is attached to a pole; if at a considerable depth, it must be suspended by a strong, 
slender cord or cable, and to the lower extremity of the meter sufficient weight should 
be attached for keeping the axis of the meter in a nearly horizontal position. 

In recording the observations the same form as that used in recording float observa- 
tions can still be used. The number of revolutions should be written a little above the 
line with the corresponding velocity on the line. The depth at which the observation 
is taken should be written in the column of remarks. 

For details concerning the rating of meters, see ‘‘Accuracy of Stream Measure- 
ments,’’ by E. C. Murphy, pages 80 et seq. Uhe current meter devised by Lieut..- 
J. EH. Pillsbury, U. S. N., is described in the U. S. Coast and Geodetic Survey Reports, 
1885, pages 495-501; 1890, pages 459-620. It consists, in part, of a cup meter and an 
enclosed compass, both placed within an open frame. ‘The frame terminates in a heavy 
ball and is hung in gimbals, so that the weight of the ball secures the uprightness of the 
instrument at all times. The revolutions are counted by means of a worm gear and 
wheel register. The compass needle is locked as soon as hoisting of the instrument 
begins. 

Further references to measurements of the Gulf Stream made by this meter are 
the Survey reports for 1886, 1887, and 1889. 

There is little or no difficulty connected with the construction and operation of 
an electric meter which measures the velocity only, for an insulated wire can be carried 
down inside of or alongside of the suspending cable to the axis of the meter wheel. A 
projection on the wheel near its axle comes into contact with this pole or end of the 
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wire, one or more times for each revolution. This closes the circuit and causes the 
movement of an armature on an electro-magnet; the armature in turn actuates the 
recording apparatus. ‘The meters of Price and Haskell are of this character. 

Many greater difficulties arise in the determination of the direction of the current, 
especially if the meter is not to be hoisted in making the reading. The problem is to 
ascertain by electrical means the magnetic direction of the current. One means of 
accomplishing this requires that a suitably constructed needle, swinging over a hori- 
zontal circle or ring, be inclosed in the body of the instrument. One electro-magnet 
in the body of the instrument is in circuit with the observing apparatus in the 
boat. The armature of this magnet, when the latter is magnetized and demagnetized 
by the observer in the boat, mechanically moves or rotates the horizontal ring under the 
needle until a contact 1s made between a metallic point situated upon it and a similar 
point on the needle or the case inclosing it. This contact closes a second circuit, 
which in turn opens the first. The position of a pointer in the receiving apparatus 
shows the direction of the needle at the time of observation. The moving horizontal 
ring or circular arc is brought back to its initial position by means of a spring when the 
observation isended. Ina general way this describes the direction current meter devised 
by Ritchie and Haskell. A brief description of the meter is given on pages 343-345 
of the U. S. Coast and Geodetic Survey Report for 1891 (II). 

A meter for measuring the directions and velocities of ocean currents at various 
depths, invented by Prof. O. Pettersson, is briefly described in Vol. I, Svenska Hydro- 
grafisk Biologiska Kommissionens Skrifter. 


62. Wiscellaneous apparatus and methods for observing currents. 


A method of observing currents below the surface has been employed by W. Bell 
Dawson in St. Lawrence Bay.* A fan consisting of two sheets of galvanized iron 
intersecting at right angles, suspended by sounding wire. The direction and inclina- 
tion to the vertical of the wire near the surface are noted. The value of the velocity 
becomes known from a table constructed from actual observation. 

The velocity of the current can be measured by noting the angle of deviation of a 
pendulumlike body from the vertical. An apparatus adapted to this mode of measure- 
ment is called a hydrometric pendulum. . 

Pitot’s tube is an instrument which measures the velocity of the stream by means 
of the head of water sustained. by the impulse of the stream. More or less elaborate 
types of this instrument are described in treatises on hydraulics. 

In case of very low velocities, such as those found at sea, it seems probable that 
floats are the only reliable apparatus. 

For acomparison of results obtained by means of different instruments and by 
different methods, reference may be made to Doctor Murphy’s paper entitled ‘‘ Accu- 
racy of Stream Measurements,’’ and especially to pages 47-59. 


63. Nonharmonic reduction of currents. 


Unless the current observations extend over several weeks of time, it 1s generally 
advantageous to plot them upon cross-section paper. This is done by taking the times 
as abscissee and the velocities as ordinates of acurve. At the foot of each ordinate 
the direction is written, unless a second curve is constructed having times for abscissze 

















* Survey of Tides and Currents in Canadian Waters; Report of Progress, 1897. 
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and directions for ordinates. Near the upper margin of the sheet containing the plot- 
ting or plottings, the times of high and low waters at some station to which it is pro- 
posed to refer the currents areindicated. In caseno near-by or suitable station is available, 
the currents may be referred to the moon’s transits, and these should be indicated near 
the upper margin of the sheet. For tidal rivers, straits, sounds, and other narrow 
bodies of water it is generally sufficient to tabulate the times of the maximum velocities 
and of the slack waters. In more open bodies of water, or wherever the current may be 
rotary in character, hourly values before and after the times of the high and low waters, 
or before and after the times of the moon’s transit, should be tabulated. See tabula- 
tions in sections 95 and 96. 

By using multiples of twenty-four hours for the length of the series tabulated, the 
diurnal inequalities will be nearly eliminated and the mean values of flood, ebb, etc., 
will be those pertaining to the semidaily wave. 

If there is no permanent current, the semidaily values obtained can be reduced to 
their mean values by means of the factor Mn'Mn’, where Mn denotes the true mean 
range of tide at the reference station and Mn’ the mean range at the reference station 
for the period covered by the current series. Ina short series, use in place of Mn’, the 
actual range of each particular tide at the reference station. If there is a permanent 
flow, this should be taken out in accordance with section 53 before applying this factor 
to the tidal current; it may then be restored. In the tables of current data, sections 
83 and go, both kinds of current are to be kept together as has generally been done. 
Only the harmonically analyzed currents are free from the permanent flow wherever 
- such flow exists. On the maps (Figs. 5-17) the two kinds are kept separate. 


64. Harmonic reduction of currents. 


The advantage of harmonic over nonharmonic methods is even greater in the 
reduction of currents than in the reduction of tides, for current observations are 
much more irregular than tidal observations, and the quantities sought are frequently 
so small as to be completely hidden from view. 

A fairly good.analysis can be made for a series of hourly observations extending 
over fifteen or twenty-nine days. These miay be plotted on cross-section paper in the 
manner already described, but omitting the times of the high and low waters and the 
transits. Whether plotted or not the hourly values of the current should be resolved 
into north-and-south and east-and-west component velocities. This can be done 
either by means of an ordinary traverse table or graphically, using cross-section paper 
upon which is drawn a large circle divided into degrees and over which moves a 
graduated arm, rotating about the center of the circle. The north-and-south values 
are written upon one sheet or set of sheets and the east-and-west upon another. To 
avoid negative numbers, one or more whole knots may be added to the true values. 

Each set of sheets is then summed for the current constituents in the same manner 
as would have been done had they contained tidal ordinates. (See sec. 77, Part II.) 
The harmonic analysis as carried out here differs in no respect from that applied to the 
tides. 

When a series is only a few days in length, the most that analysis can give directly 
is a semidiurnal part, a diurnal part, and possibly quarter daily part; these may be 
denoted by 4,,, 4,, a eee” ie 4 an 4ee. +~Now, about the only reasoning available is that 
in each of these waves the ratios between constituent amplitudes and the relative phases 


APPENDIX 6. CURRENTS, SHALLOW-WATER TIDES, ETC. 337 


or ages are the same as the corresponding ratios and ages in the tide wave. Assuming 
these quantities to be known for the tide, they become available for inferring constituents 
of the currents from the observed J's. 

We are thus led to the problem: Given the harmonic tidal constituents for a given 
station, required the amplitude and time or phase of the semidaily wave and of the 
daily wave for a particular day or for several days. 

These can be readily obtained from reliable predictions or from tidal record covering 
the period of current observation by summing and analyzing as if for currents. If no 
predictions are available, they can be made by some of the methods mentioned in sec- 
tions 57-67, Part III. For this purpose the predictions need not be very elaborate. 

Having found the € and & of any tidal constituent, C, the epoch and amplitude of 
the corresponding current constituent, C, are given by the relations 


C= €(G)+C-— (0), (296) 
Ce= 5 (C)+0C°— £ (0), (297) 
iwctts | (298) 
C.= oe -. (299) 


For obtaining the maximum and minimum velocities from the north and south 
components, see section 51. 


65. Prediction of currents. 


If the tidal currents have but a small diurnal inequality, they can generally be 
predicted by applying differences to the predicted times of tides at a near-by station 
and suitable factors to the heights reckoned from mean sea level. At such stations 
the times of currents can be predicted by applying intervals (varying somewhat during 
the synodic half month) to the times of the moon’s transit. 

Where the diurnal inequalities are considerable, the currents do not generally 
correspond well with the tides. If sufficient observations are available, they may be 
tabulated according to two arguments, viz., the moon’s transit and the day of year. 
Such tabulations are available at once for making” predictions. (Cf. sec. 59, Part I.) 

From suitable harmonic analyses the entire current ellipse for stations having rotary 
currents can be predicted by means of tide predicting machines. (Sec. 78, PartII). An 
ordinary machine will give at one setting one of the component velocities for as long 
a period of time as may be desired. .\nother setting will give the other component 
velocity. The two can be combined without difficulty by means of a right-angled 
triangle. 

If the machine have two sets of cranks and pulleys, and the two sets of cranks differ 
in phase by go°, then by using principal directions the two motions can go on at the 
same time. If the summation chains after passing over the pulleys cross each other 
perpendicularly, the distance between two fixed points upon them can be made to 
represent the velocity of the resultant current in both magnitude and direction. 
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CHAPTER VI. 
DESCRIPTIONS OF TIDAL CURRENTS. 


66. Remarks on current charts. 


Synoptical charts are referred to in the description of the tidal currents around 
the British Isles. They aim to show, without computation, the direction and velocity 
of the currents for the region covered, at each tidal hour. The fact that at least 6 or 
12 charts are thus required, is in itself,a serious drawback. They are not convenient 
for showing how the times of the turning of the tide at different places compare with 
one another; for, several charts would have to be consulted, and hourly values do not 
give such differences very closely. Such charts are, however well suited to the wants 
of the navigator. 

Mr. John Ross, of this Survey, has devised a form of chart for presenting current 
and tidal data, not over areas, but along a given path of commerce. The distance 
from an assumed point is one coérdinate and the time with reference to a near-by tide 
the other codrdinate. The tabular values are the velocity and sometimes the direction 
of the current; also, the time of local high and low water. A simple diagram accorr- 
panies each chart; the object of the diagram is to enable the navigator to readily apply 
the values found upon the chart. Examples of such charts are given in the Coast and 
Geodetic Survey Tide Tables, and Chart No. 1610 published by the United States 
Hydrographic Office. 

A current hour is the Greenwich lunar time of a particular phase of the tidal current, 
say, of the maximum flood. 

Generally speaking, the flood may be taken as the stream whose maximum velocity 
occurs after local low water and before or at local high water. In some rare cases 
where the maximum velocity occurs shortly after local high water, the stream may 
still be regarded as the flood. 

In many localities a given stream if followed some distance will change its name 
from flood to ebb—the change occurring where the time of maximum flood is simul- 
taneous with the time of local high’water; similar remarks apply to the ebb. 

The necessity for changing the designation of a stream from flood to ebb, or vice 
versa, shows the advantage of using not exactly the times of actual maximum velocities, 
but the times of the maximum of the regular semidaily velocities; in other words, the 
times of the M, current stripped of the disturbing influences of the M,- and M,-currents. 
Some values of this regular semidaily current will be found in the table of harmonic 
constants given under section 97. These have been brought out by analyzing hourly 
values of the velocities generally resolved into north-and-south and east-and-west 
directions. A good approximation to the M,-current hour can be obtained by taking 
the mean between the observed flood-current hour and the ebb-current hour, having 
first increased or decreased the latter by 6. Another way’is to take the mean between 
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two consecutive slack-current hours. A still closer approximation is to take the mean 
between the flood-current hour, the ebb-current hour, increased or decreased by 6; one 
slack hour, increased or decreased by 3; and the other by 9. 

The ebb arrows are not generally shown upon the cocurrent charts, because they 
are simply the reverse of the flood arrows; when shown they are distinguished by a 
single barb. The permanent current is represented by the blunt-headed arrows. Where 
rotary currents are represented, the flood arrow is drawn in the usual way and the 
minimum velocity following the flood by 3 hours is shown by a line without barbs. 
Its length compared with the length of the flood arrow bears the ratio of the observed 
velocities. For convenience all flood arrows upon the same chart are of equal length; 
so, also, are the blunt arrows representing permanent streams. The velocities in knots 
in these two cases may be written upon or near the arrows. 

The tabular values given under sections 95 and 96 contain whatever permanent 
current was running at the time when the observations were taken. 

When the current at a given station is referred to a tide at some point more or _ 
less distant, it is to be assumed that a common time is used for both places. 

When the current is referred to a transit of the moon, it may be assumed that the 
transit refers to the local meridian. 


67. Common charactertstics of currents. 


The effect of the combination of a nearly stationary stream with one rapidly 
progressive has been considered in section 49. The former is often an on-and-off shore 
stream, the latter, one flowing nearly parallel to the shore line. Circular points occur 
most frequently where the stream divides, although not simultaneously, and much less 
frequently where two streams come together. 

If the current turn clockwise, the order of the cocurrent lines is 3 counterclockwise, 
and vice versé. f 

Having a reliable map of cotidal lines, the time of turning, or of maximum velocity, 
of the tidal current through a strait of moderate length can generally be inferred with 
considerable accuracy. The two cases which lend themselves to computation most 
readily are: 1. A narrow strait of varying cross section and whose length is only a small 
fraction of A (A being reckoned according to the depth of the strait), and wherein the 
motion is hydraulic because the velocity is so great that too many particles leave the 
strait proper for permitting the motion to become oscillatory. 2. A strait of such 
considerable length and of sufficiently great cross section (implying reduced velocity), 
for preventing more than a small fraction of the particles from leaving the strait (i. e., 
the strait proper and its approaches), and so causing the motion to become oscillatory. 

The motion pertaining to a natrow strait dies out rapidly in either tidal body 
connected, while the motion of a broader strait is shared by the water for some distance 
beyond one or both ends of the strait. 

Where the current is hydraulic, the greatest velocity toward the body having 
temporarily the,lower level occurs when the downward slope in that direction is the 
greatest; such times can be taken directly from Table 60. 

Where the curernt is oscillatory, the greatest acceleration toward the body having 
temporarily the lower level occurs when the downward slope in that direction is the 
greatest; such times can be taken directly from Table 60, but the maximum velocity in 
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the given direction occurs 47 (or three hours for a semidaily tide) later than the time 
given in Table 60. Many examples of these cases will be given in the descriptions of 
tidal streams. 

A long shallow strait, especially if connecting shallow bodies, may have a progress- 
ive wave or current passing through it. Ifa strait have such dimensions that its current 
is partly progressive and partly stationary, the computation of the times of greatest 
velocity at various points along the strait becomes more difhicult and unsatisfactory. 

In small, sharp bays, in bays connected with the sea by means of tolerably broad . 
straits, or in other small arms of the sea wherein the rise and fall of tide is nearly 
simultaneous with that outside, the slacks must occur at approximately the times of 
the tides. (See Chap. VIII, Part IV A.) 

Another motion of a local character may be described here. This is what may 
be described as hydraulic-slope motion. If a stationary wave have an amplitude 
increasing (say) as one proceeds along a coast line, there is a tendency for any water 
along the shore not fully participating in the oscillatory motion, because of shore impedi- 
ments, to seek its level. Moreover, the gravitational action tending to produce motion 
is direct; it acts upon the littoral strip of water and produces motion in this strip, and 
differs from hydraulic motions in straits where gravity acts upon the bodies connected. 
The motion thus set up in the strip may be simultaneous notwithstanding the shallow- 
ness of the water and so the slow rate with which pulses would travel; this is so because 
gravity acts similarly all along the strip and produces motion throughout such a body 
simultaneously. The effect of this action is to cause the water along the lateral bound- 
aries of a stationary wave to turn earlier than the water along the axis or central 
portion. 

Along the end boundaries of stationary waves (whether dependent or not), the 
current is weak and normal to the coast line. 


68. Tidal currents for the world at large. 


Tidal currents have been observed only in comparatively shallow waters, such as 
the marginal strips next the coast lines, the waters overlying continental shelves and 
shoals, in sounds and other dependent bodies. For this reason the information regarding 
tidal currents is very meager. In Figs. 5 and 6 an attempt has been made to bring 
together, chiefly from the Admiralty charts, the principal observational data relating to 
the direction of the ocean tidal currents. 

As remarked in section 30, Part IV B, the flood flows northerly at the Baluchistan 


-end, and southerly at the Madagascar end of the half-wave area extending between 


these coasts. It was also noted that the flood flows southeasterly through the Seychelle 
Archipelago, indicating the superposition of an east-and-west motion upon the north- 
and-south motion of the area just mentioned. ‘The currents of the Bay of Bengal are 
nearly normal to the coast, indicating the stationary character of the tide. The same is 
true for the waters northwest of Australia, south of Cape Colony, southeast of Brazil, 
southeast of the United States, northeast of Brazil, off Panama, off Alaska, and probably 
south of .Australia. Some further evidence bearing upon this will be noted below, 
especially in connection with quotations from the Admiralty Coast Pilots. 

Many localities have the controlling tidal streams running parallel to the shore. 
Such shores may be lateral boundaries of either a stationary or a progressive wave. 
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The eastern coast of Ceylon and Somaliland, and the outer coast of the Virgin Islands 
and California—all lying near nodal lines—are examples of the first case; while portions 
of western Europe, southern South America, western Oceanica, and many arms of 
the sea extending inland are examples of the second. ee 

The harmonic constants of stations off the Atlantic coast of thé United States 
(sec. 97) show how very feeble the tidal currents become away from land and near the 
end of a stationary wave; also how progressions into neighboring dependent arms of 
the sea cause transverse velocities often comparable with the velocities of the main 
oscillation. 


69. Coasts of Africa. 


On account of the regular outline of Africa and the ecnipavative absence of off- 
lying shoals and chains of islands, it is fair to assume that the movements of the ocean 
extend to the very coast of the continent. The tidal currents as well as the tide should 
therefore be some index as to the character of the motion in the surrounding deep waters. 
The quotations given below are taken from Parts I (1899), II (1901), and IIT (1897), 
of the African Pilot published by the Admiralty. The matters relating to the times 
and heights of the tides are generally omitted, as such information can be obtained 
from the charts in Part IV B, this manual. 

Evidence of the half-wave area extending from Mozambique Channel to Balu- 
chistan and India is afforded by the southwesterly set of the flood current at the north- 
ern end of the channel. 

The fact that at the southern end of the channel flood sets northerly indicates 
that here is a loop of one or more stationary waves extending in a southerly direction. 
(See Fig. 23, Part IV A, and Fig. 1, Part IV B.) 

Evidence of an area whose motion is north and south with a loop near Cape Colony 
is afforded by the quotations which indicate small tidal streams around Table Bay and 
eastward. 

The smallness of the stream in the Gulf of Guinea is in accord with the rather 
small ranges of tide and the fact that this gulf does not partake of the general oscilla- 
"tory movement of the Soutir Atlantic system. 

The smallness of the currents off French Guinea and Sierra Leone indicates the 
proximity of a loop of the South Atlantic system. 

The considerable northeasterly flood through the Canary Islands indicates the 
existence of the North Atlantic sysfem. 

A similar flood through the Azores indicates northerly progression due to openings 
northwest of Europe. ; 

At the entrance to the Strait of Gibraltar the streams are weak while the range of 
tide is considerable; they turn at nearly the times of high and low waters. 

The quotation relating to the Kongo River shows that the varying density of the 
water near the river’s mouth has its influence upon the currents. 


70. Coasts of Africa, quotations.* 


On the north shore of Mohilla the flood sets to the westward, but changes before the water has 
done rising, as does the stream to the eastward before low water. 


_ ———. -_—. —- — 








_ *In the Admiralty Pilots, Directories, etc., the bearings are magnetic unless otherwise stated. 
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St. Lazarus Bank: A regular tide was observed when at anchor on the bank, the flood setting 
E.S.E. about 4 hours, and the ebb W.N.W. about 7 hours, with about half an hour slack water; the 
Strength at springs was 2 knots; the rise and fall, approximately, 12 feet. 

In the northern part of Pemba channel, near the coast of Pemba island, the flood stream setting 
to the southward neutralizes and at times overcomes the constant north-going current, and the ebb 
accelerates it. 

It is high water, full and change, in Kokotoni harbor, at 4h. 1om.; springs rise 15 feet, neaps 10 
feet. Asarule the flood runs southward, and the ebb northward. 

Zanzibar Channel: The tidal streams, as a rule, are as follows: The flood runs southward in the 
northern part of Zanzibar channel, and in a contrary direction at the southern end, thus meeting at 
high water at a point near the center, the position of which depends much upon the wind. 

Dar-es-salaam Bay: As a general rule, the flood runs north-westward, and the ebbin the contrary 
direction, but amongst the islands and reefs the streams will often be found setting to the opposite points. 

Mafia Channel: The tidal streams are strong in all the channels, and along the shore; the flood 
stream running southward and towards the shore, the ebb to the northward and off the shore. 

The direction of the tidal stream northward of Ras Kisimani is ebb to the northward and east- 
ward, and flood to the southward. . 

It is high water, full and change, at Kilwa Kivinje, at 4h. om.; springs rise about 12 feet. There 
is but little tidal stream at the anchorage. 

It is high water, full and change, in Lindi river, at 4h. 5m.; springs rise 11 feet. The tidal streams 
in the bay, outside the bank of soundings are not strong. 

It is high water, full and change, at Mgau Mwania at 3h. 45m.; springs rise 12 feet; off the 
entrance the flood runs to the northward, and the ebb to the south-eastward, with a force of from 2 to 
3 knots. 

It is high water, full and change, in Mikindani harbor at 3h. 50m.; springs rise 12 feet. The 
tidal stream in the harbor is scarcely perceptible. 

It is high water in Rovima bay, full and change, at 4h. 10m.; springs rise 12 feet; the ebb 
running to the northward and flood to the south-eastward. 

In Maiyapa bay, the flood sets north-westward, and the ebb south-east ward at the rate of 2 to4 
knots at springs. 

Nyuni Pass: The flood sets north-westward from 2 to 3 knots at springs, but is scarcely perceptible 
at neaps. 

Nameguo Pass: The tidal streams within the outer reefs are irregular. 

It is high water at Kero Nyuni, full and change, at 4h. 15m.; springs rise 13 feet. 

It is high water, full and change, at Mozambique, at 4h. 15m.; springs rise 12 feet. The streams 
run strong in the harbour—the flood to the westward, the ebb to the eastward. 

The tidal rise in the mouths of the Zambezi is about 12 feet at springs; this amount is reduced 
to about 5 feet at Mchenga, situated about 25 miles above the entrances and 5 miles above the junction 
of the Chinde; the time of high water at Mchenga is 2} hours later than at the mouth of the Chinde, 
or 6h. 50m., full and change. 

Inhamissengo Mouth: It is high water, full and change, at 4h. 30m.; springs rise about 12 feet. 
The ebb tide at springs runs 4 to 44 knots in the entrance. 

Pungue River: The tidal streams are very strong, especially when the river is high; as much as 
5 knots at springs have been observed at the junction of the Pungue and Buzi. 

It is high water, full and change, at Innambdn at sh. 38m.; springs rise 11 feet, neaps 7 feet The 
stream runs strong in the river; off the town it sometimes amounts to 4 knots an hour. 

Delagoa Bay: Seaward of the shoals, the flood sets to the northward at the rate of 2 knots. 

Port Natal: In the port, the time of high water at full and change is 4h. 30m., springs rise 6 feet. 
The velocity of the ebb at springs is about 3 miles an hour in the Bluff channel and of the flood about 
2} miles. 

In the road, outside the bar, the flood stream sets nearly north and the ebb in the opposite direction. 

Kei River: It is high water, full and change, at Kei river at about 4h. om.; springs rise about 5 
feet. The flood stream sets north-eastward close in shore, and the ebb south-westward. 
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It is high water, full and change, at Port Elizabeth at 3h. 10m., and the rise is 6 feet; the tides 
are often irregular, being acted upon by the wind. The surface stream is uncertain in direction and 
inappreciable. | 

It is high water, full and change, in Table bay at 2h. 40m.; springs rise 5 feet, neaps 34 feet. The 
duration of slack at high water varies considerably, and greatly depends on the prevailing wind; the 
water is never stationary more than 30 minutes, and frequently it begins to fall immediately on reaching 
high water There is no sensible stream of tide, either in the bay or on the adjacent coast. The time 
of high water and its rise is nearly the same at Simons Bay, and at all the bays along the coast from 
the Cape of Good Hope to Cape Agulhas. 

Congo River: The observations appeared to show that the fresh water of the Congo extends from 
the surface to the bottom until the head of the Congo cafion just below Kissanga, when it encounters 
a body of salt water filling this deep gully. It then runs over this denser water with decreased depth 
and increased velocity, the layer of fresh water being deeper with the ebb tide and shallower with the 
flood, both decreasing the broader the river becomes, until, from being from 3 to 5 fathoms deep just 
below Bull island, it is only a few feet deep after passing Bulambemba point. 

This deep body of salt water is either perfectly still, or has a very slight tidal flow (two-tenths 
to half a knot per hour) up river with the flood, and down with the ebb tide. : 

Ambas Bay: The tidal streams appear to run both ways for an equal period; the flood setting 
to the south, and the ebb to the north out of Ambas bay between Ambas island and Pirate rocks 

New Calabar River: The ebb stream sets over Baleur bank, the flood stream sometimes sets 
over the western shoals, but if the outside current is setting strongly to the eastward, the flood stream 
will be but little felt. Near Sand island both ebb and flood streams set toward that island. 

Off Bonny town the ebb stream runs from 3 to 34 knots an hour in a S.W. by W. direction. 

It is high water, full and change, in Ramos river at 4h. 20m.; springs rise 5 feet. The ebb runs 
for 9 hours. ; 

Forcados River: On the bar, the flood tide sets across it to the northward, the ebb in the contrary 
direction, which must be allowed for. 

Benin River: The tidal stream in the river is said to sometimes run at a rate of 4 to § knots an hour. 

On the bar, the ebb stream sets to the westward and the flood about E. by N., but a set, toward 
the northern breakers, has been experienced on the flood. 

Banana Islands: The flood sets East and E.S.E.; the ebb W.S.W. and W. by N.; rate 1 to 14 knots. 

Isles do Los: The flood stream sets to the N.E.,and the ebb in contrary direction, with a rate of 
from 1} to 14 knots an hour at spring tides. 

At the entrance of the Nunez river the flood sets N.E. and ebb S.W. at rates of from 2 to 3 knots 
an hour. West of Talabuncha point the flood sets in a northerly, and ebb in a contrary, direction. 

Orange Channel: The ebb stream seldom exceeds 24 knots ahd the flood 14 knots an hour in 
velocity, except after heavy freshets in the rivers, the general direction of the flood stream being to the 
N.E., and the ebb to the S.W. 

The ebb stream in the Cacheo, as also off it, sets to the N.E., and the flood to the S.W. 

It is high water, full and change, in the Kasamanze river at gh. 55m.; springs rise 5} feet. 

In the Great pass the flood stream has a tendency to set towards the north, and the ebb toward 
the south bank; the rates vary from 2 to 3 knots an hour. 

The tidal streams are felt so far as point Piedras, about 60 miles from the bar. 

Salum River: At Kaolack it is high water, full and change, at 6h. 5m. the rise and fall of tide is 
about 3} feet. 

The tidal streams run very strongly on the bar and in the narrow parts of the river, the stream 
of both flood and ebb continuing from 2 to 24 hours after high and low water, during which period 
there is no appreciable rise and fall until the stream turns. The flood tide entering at West pass some- 
times attains a velocity of 3 knots an hour, and splits after crossing the bar. 

It is high water, full and change, between Sta. Lucia and Branca islands at 7h.; springs rise about 
5 feet. 

The flood stream sets to the westward, and the ebb to the eastward with a velocity of 2 knots an 
hour during springs. 
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Near the shore, at Cape Verde, the tidal streams are very appreciable, the flood dividing into two 
branches, one setting to the northward, the other toward Almadi point; the flood stream occasions 
strong and irregular currents in Yof bay; the ebb stream sets off shore. | 

Senegal River: Abreast of this river, and for a space of several miles to seaward, the powerful 
tidal streams, both in and out, affect the general uniformity of the southerly current, and are often so 
strong as to bring vessels, anchored in the outer road, with their broadsides to the wind in the strongest 
breezes. These outer tidal streams have no very regular set; the flood stream, however, generally 
runs E.N.E. and the ebb W.N.W. 

It is high water, full and change, in Ouro river at oh. om.; springs rise 8 or g feet. 

Off the entrance the flood stream sets nearly east, and the ebb west, with a velocity of about 24 
knots an hour 

Lanzarote Island: The flood streams run to E.N.E. and ebb stream in a contrary direction, the 

‘rate, at spring tides, being about 1 knot an hour. 

Lobos Island: The flood stream sets E.N.E. and ebb W.N.W. 

It is high water, full and change, in Santa Cruz bay at 1h 30m.; springs rise 8 feet, neaps 6 feet. 

The tidal streams set by the Dezerta islands during spring tides, at the rate of 14 to 2 miles per 
‘hour; the flood in the direction of N.E. by E., and the ebb S.W. by W. Springs rise 7 feet. 

It is high water, full and change, in Funchal bay at oh. 48m.; prings rise 7 feet. 

The tidal wave strikes these [Madeira] islands nearly at the same time as the Azores, the flood 
stream running to the north-eastward at the rate of 14 miles per hour at spring tides, and in the narrow 
channels between Dezerta islands and off San Lourenzo point, it sometimes attains the velocity of 2 
miles per hour. 

It is high water, full and change, in Mogador harbour at 1h. 18m.; springs rise 10 or 12 feet. The 
tides are generally regular in their rise and fall, but the direction of the tidal stream varies with the 
wind, and its strength is at all times weak. 

The flood stream in the offing north of Tangier bay runs from east to west, and the ebb in the reverse 
direction, turning in mid-channel at high and low water by the shore. 

In Fayal channel the flood stream sets N.E., and the ebb S.W., witha velocity of from 1 to 2 knots 
an hour. 

It is high water, full and change, at Corvo and Flores islands at oh. 20m.; springs rise 34 feet. 

The stream of flood tide runs to N.E. by N. and the ebb S.W. by S., with a velocity of 14 knots per 
hour at springs; these tidal streams, when opposed by gales, create a most confused sea off the north 
and south extremes of both islands. 


The currents in the Straits of Gibraltar and Messina, and the Euripus, are described 
in sections 84-86, Part IV A. ° | 

On account of the large rise and fall around the coasts of Spain, Portugal, and 
France, the currents are very strong in the tidal rivers. For brief accounts of these 
currents see Sailing Directions for the West Coasts of France, Spain, and Portugal, 
published by the Admiralty; also Etude Pratique sur les Marées Fluviales, by M. 
Comoy. | 


71. The British Isles and the North Sea. 


The behavior of the tidal currents in this region has long been understood. For 
instance, Barlow, on a map facing page’140 of his Exact Survey of the Tide (1717), 
shows the general direction taken by the flood stream in these waters, although he here 
aims at showing the advance of the tidal wave. A similar map for the northern part 
of the Irish Sea occurs between pages 152 and 153 of his treatise. 

The charts of Captain Beechevy are briefly referred to in section 126, Part I, and 
two of these are reproduced as Figs. 27 and 28, Part IV A. 
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The character of the tide wave, whether progressive or stationary, is indicated 
upon a chart opposite page 125 of a book entitled ‘‘The Tides;’’ Society for Promoting 
Christian Knowledge (1857). 

In connection with the below descriptions it will be found advantageous to fre- 
quently consult section 44 and Figs. 20-22, Part IV B, in order to see the relations 
between the currents and the tides. 

The English Channel and the Irish Sea contain stationary waves whose particles 
are at elongation inward at about the time of high! water at Dover, or at about XI 
Greenwich lunar time (Fig. 20; Part IV B). At this time the water is slack over nearly 
all of the Irish Sea, ineluding the axis of the North Channel, and over a portion of the 
English Channel north of Cherbourg. Three (lunar) hours before high water at Dover 
the flood is running strongly in the regions just mentioned, and three hours after high 
water the ebb is running strongly. The tendency of the apparently progressive part 
of the wave between the northwestern corner of France and the southern part of Ireland 
is to cause the inward stream to have its maximum velocity at IV instead of at XI—3 
or VIII. Asa matter of fact, the greatest inward velocity here occurs about 4 hours 
after Dover high water, or at III. This indicates that the tidal wave in this region 
is partly stationary, as is generally the case in a marginal strip of shallow water lying 
between the deep water of the ocean and the land. In both the Bristol Channel and 
the Gulf of St. Malo, there is evidence from the cotidal chart of a stationary wave: for, 
in either case the rate of advance is greater than that due to depth. But toward the 
inner ends of these arms of water, where the tidal hour is VI, the greatest velocity of 
the flood stream occurs at about 24 hours before the time of high water there, or at 
about III4, Greenwich time. The effect of Bristol Bay upon the currents off the Scilly 
Islands is evidently to stop the northeasterly flood stream before the easterly stream 
slackens at this part of the English Channel. Hence the currents are here rotary in 
character and clockwise in rotation. The reverse must be true of the currents north of 
Cotes du Nord. The following quotation and table are taken from the Admiralty 
Tide Tables for the British and Insh ports for the year 1907, and illustrate what has 
just been said: 

Off the mouth of the English Channel the stream, although materially influenced by the indraft 
and outset of the Channel, will be found running to the northward and eastward, while the water is 
falling at Dover; and to the southward and westward while it is rising at that port. The particular 
direction given to the stream in this part of the sea, by the meeting of the Channel and of the offing 
tides, will be shown in the table [1st below]; and it is only necessary to mention here, that to the south- 
ward of the parallel of Scilly, the tidal streams of the Channel and offing blend together with varying 
force and direction, and occasion the direction of the stream to be constantly changing, and in some 
places even to make the entire circuit of the compass in one tide, without ever remaining long upon 
any one point; so that any written description of their course is rendered almost impossible, and the 
table alone must be consulted for the direction at any particular hour. From this rotatory motion 
of the stream, it has been asserted that a vessel can never be carried far in any direction by it. Such, 
however, is not the case; for, although it may be true that while at anchor in a particular spot the 


vessel’s head will turn to every point of the compass, yet directly she is loose she will be carried 
away upon a rhomb depending upon the state of the tide at Dover. 


346 COAST AND GEODETIC SURVEY REPORT, 1907. 


Westward of a line joining Ushant and the Land's End. 


North side of latitude 49° N. South side of 49° N. 


| Rate Near Scilly Rate Seven stones L. V. Rate West part Rate 





Knots 
WSW. to WNW. otor 
NW. to NNW. oto! 
N. by E. oto1y NNW. 
NK. by N. otor¥ ENE. 
NE. K tor ENE. 
ENE. ¥% to1% NE. by E. 
ENE. to ESE. oto! Rly. 
SE. to SSR. X¥ tor SE. 
Ss. yto1K Draining. 
SSW. \ to1y% SSW. 
Sw. S. Yytory SW. by S. 
yto1l\K SW. by W. 


After high 
water, Dover 


“nN Ww aN AN & WS HN 
Greatest rate, springs, 14 knots 
Greatest rate, springs, 14 knots 


Before high 
water, Dover 








Entrance of Gulf of St. Malo on a line joining Brehat Island and southwest end of 























Guernsey. 
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It should be remembered that the directions in the quotations from the Admiralty 
Tide Tables are magnetic. 
Concerning the streams near the Channel Islands the Tide Tables say: 


Near Guernsey and to the northward of that island the true Channel stream prevails; the great 
body of the water running about E. by N. whilst the tide is rising at Dover, and about W.S.W. when 
it is falling at that place; but near Roches Douvres to the southward, the stream sets S.E. into the 
Gulf of St. Malo, from 2 hours after high water at Dover to 4 hours before high water there, and N.W. 
during the remainder of the tides. 

Thus what is called ttde and half tede prevails at Guernsey and amongst the islands to the north- 
ward; whilst at Jersey and along the southern shore of the gulf, and out to the westward toward 
Roches Douvres, the stream is more uniform and regular; the former resulting directly from the action 
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of the Chantel stream, the latter from an interruption of the southern portion of that stream by the 
coast of France, and its diversion into the Gulf of St. Malo. 

The center of Deroute channel (between Roches Douvres and Guernsey) may be considered to 
mark the separating boundary of these two streams; for along this line and to the eastward they 
successively run together side by side, blend, and separate in alternating direction and force, depend- 
ing on the state of the tide. 

It should here be noted that the tidal stream around and between the Channel islands has a rotatory 
motion (evidently caused by the different action of the above-described two streams and the peculiar 
form of the shores of the gulf) from right to left, going right round the compass in little more than 12 
hours. 

* * * * * * * 


In the offing westward of Guernsey,the stream seldom attains a rate of 3 knots until the island is 
approached within 4 or 5 miles, where it increases to 44 knots; in the Russel channels it exceeds 5 knots, 
and it runs about the same rate between Jersey and the Minquiers; in the center of Deroute channel, 
between Jersey and Sark, its strength is barely 4 knots, and 3 knots farther westward between Guernsey 
and Roches Douvres; near Roches Douvres the rate appears to be 34 knots; in the offing north of 
Alderney and the Casquets, 54 knots is not an uncommon rate for an ebb spring tide, and on similar 
occasions the Race and Swinge streams run more than 7 knots. 

The rapidity with which the tides rise and fall and their velocity are greatly influenced by strong 
north-eastern and south-western gales; the former retarding and the latter accelerating their progress in 
a remarkable degree; the latter will also cause the Race stream to run three-quarters of an hour longer 
to the north-eastward than usual, although the former has not a similar effect upon the stream when 
running to the south-westward. | 

About one mile south of the bill of Portland, at half flood by the shore, or 44 hours after high water 
at Dover, the stream sets from S.S.E. toS.E. by E., and the opposite stream about W.S.W.; the velocity 
of both streams, at springs, being from 5 to 6 knots; but although they run with such violence near 
the Race, about one mile S.W. of the bill they are weak. 

Off Portland Bill the easterly velocity of the main stationary wave should have its 
greatest value at about XI—3or VIII. But the observed tidal hour for Portland Bill 
is VI. Asa matter of fact, the greatest easterly velocity occurs at about VII4, accord- 
ing to the Admiralty Tide Tables. : 

The times of the greatest eastward velocity through Dover Strait can be inferred 
from the tides by noting the tidal hours and ranges off either end of the strait proper and 
adding 3 hours to the values given by Table 60. The tide off the west end of the strait 
occurs at X4 hours, the mean range being 20 feet; the corresponding quantities for the 
east end are XI4 and.12. Hence the time of maximum eastward downward slope is 
X4— 1.066 = 9.434; this increased by 3 hours gives XII.43 for the time of the maximum 
eastward current in the strait, which practically agrees with the results of observation. 

As already remarked, the principal current in the Irish Sea has its maximum inward 
velocity at XI—3o0r VIII. Just off St. David’s Head this velocity is from 2 to 4 knots 
and around the Skerries from 2 to 5. West of the Isle of Man this velocity is very small. 

At the northern end of North Channel the tidal hour and mean range in feet are V.5 
and 7, while for the southern end they are X.7 and 12. Using these values in Table 60 
the time of maximum downward northward slope is X.98, and so, subtracting 3 hours 
from this value, the result 1s VII.98 for the time of the maximum southerly stream. 
Observation gives VIII as the current hour of the stream. 

The cotidal lines in the North Channel, and also those in the Irish Sea and English 
Channel, are much influenced by the transverse slope due to the deflecting force of the 
earth’s axial rotation. Not so with the cocurrent lines; for, the transverse velocity is 
small in comparison with the velocity along the strait or channel. Hence, 1 a channel 
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only moderately uide, and having a current of some magnitude, the cocurrent lines are 
frequently more simple in character than are the cotidal lines. The reverse of this is often 
true along the irregular borders of open bodies of water and where the current is 
generally small. 

The following quotations from the Admiralty Tide Tables partially describe the 
tides in the Irish Sea and adjacent waters: 


72. In the Irish channel, as before observed, experiments have shown that, notwithstanding the 
variety of times of high water throughout the channel, the turn of the stream over all that part which 
may be called the fair navigable portion of the channel is nearly simultaneous; that the northern and 
southern streams in both channels commence and end in all parts (practically speaking) at nearly the 
same time; and that that time happens to correspond nearly with the time of high and low water on the 
shore at the entrance of Liverpool and of Morecambe bay,* a spot remarkable as being the point where 
the opposite streams coming round the extremities of Ireland terminate. So that it is necessary only 
to know the times of high and low water at either of these places, to determine the hour whentthe streatn 
of either frde will commence or terminate in any part of the channel. For this purpose the Liverpool tide 
table may be used, subtracting a quarter of an hour from the times there given, in consequence of the 
high water at George pier being later than the point which is considered as the head of the tide. 

The tidal undulation from the Atlantic enters the Irish channel by two channels; of which Carnsore 
point, the S.E. point of Ireland, and St. Davis head, the S.W. point of Wales, are the limits of the southern 
one; and Rathlin and the Mull of Cantyre the boundaries of the northern. | 

The axis of the in-going stream runs nearly in a line from a point midway between the Tuskar and 
the Bishops, to a position 16 miles due west of Holyhead; beyond which it begins to expand eastward 
and westward; but its main body preserves its direction straight forward toward the Calf of Man, which 
it passes to the eastward with increased velocity as far as Langness point, and then at a more moderate 
rate on toward Maughold head. Here it is arrested by the southern stream from the North channel 
coming round the point of Ayr, and is first turned to the eastward by it, and then goes with it at an 


easy rate direct from Morecambe bay; thus changing its direction nearly eight points. 
* * * * x * * 


The western part of the stream, after passing the Saltees, runs nearly in the direction of the Tuskar, 
sets sharply round it, and then takes a N.E. direction, setting fairly along the coast, but over the banks 
skirting the shore, so that vessels tacking near the inner edge of the sands with the northeast-going 
stream, and on the outer edge on the opposite stream, have been carried upon them and lost, especially 
upon the Arklow and Codling banks. Abreast of Arklow is situated that remarkable spot in the Irish 
channel, where the tide scarcely either rises or falls. The stream notwithstanding sweeps past it at the 
rate of 4 knots at springs, and reaches the parallel of Wicklow head. Here it encounters an extensive 
projection of Codling bank; and while the outer portion takes the circuit of the bank, the inner stream 
sweeps over it, occasioning an overfall and strong rippling all round the edge, by which the bank may 
generally be recognized. Beyond this point the streams unite and flow on toward Howth and Lambay, 
growing gradually weaker as they proceed, until they ultimately expend themselves in a large space of 
still water situated between the Isle of Man and Carlingford. There we have not been able to detect 
any stream; for there another remarkable phenomenon occurs-—the water rising and falling without 
apparently any perceptible stream. This space of still water is marked by a bottom of blue mud. Such 
is the course of the flowing water of the Southern channel. 

In the North channel the stream enters between the Mull of Cantyre and Rathlin island simultane- 
ously with that passing the Tuskar into the Southern channel, but flows in the contrary direction. It 
runs at the rate of 3 knots at springs, increasing to 5 knots near the Mull, and to 4 near Tor point, on 
the opposite side of the channel. The eastern branch of this stream turns round the Mull toward Ailsa 


* The entrance of Liverpool and of Morecambe bay are, as before stated, 18 minutes earlier in their 
time of high water than those given for Liverpool in the tide tables. 

At N. W. L. V., Liverpool bay, the flood stream sets in an ESE. direction, with a maximum 
rate at springs of 24 knots; the ebb WNW., 2 knots. At neaps the flood sets at the rate of 1 knot, the 
ebb three-quarters of a knot. 
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and the Clyde, a portion passing round Sanda up Kilbrennen sound and loch Fyne. The main body 
sweeps to the S. by E., taking nearly the general direction of the channel, but pressing more heavily on 
the Wigtonshire coast. Near the Mull of Galloway the stream increases in velocity to 5 knots; the 
eastern portion turns sharply round the promontory toward the Solway, and splits off St. Bees head, 
one portion running up the Solway and the other toward Morecambe bay. 


73. The currents on the west coast of Scotland turn soon after the times of local 
high water, indicating that the wave is there chiefly stationary. Through the larger 
channels the current is nearly oscillatory, but through the short and narrow straits it is 
nearly hydraulic. (See Chap. VIII, Part IV A.) 

For example, the tidal hour just off the western end of Corrievrekin Strait is V.4 
and that just off the southeastern end IV.5; the mean ranges off these two ends are 
7 and 4 feet, respectively. Using these values in Table 60, it follows that the greatest 
southeastward downward slope occurs at VI.2; observation gives about VI.5 as the 
hour of the southeastward stream. Hence, the Corrievrekin is nearly hydraulic in 
character. The velocity of the strength of current varies from 4 to 8 knots. 

Before making very satisfactory computations of this kind, it will be necessary to 
have the times and the heights of the tide carefully observed. 

The currents in the Little Minch are oscillatory. The tidal hours off the north and 
south ends of the strait are VI.5 and V.5, while the ranges in feet are 11 and 8. By 
Table 60 the greatest southward downward slope occurs at VIII. Subtracting 3 from 
this, the theoretical hour for the north-going stream is V. Observation gives V}. 

Scott, in The Lord of the Isles, thus speaks of the currents among the islands along 
the western coast of Scotland: 


O’er look’d dark Mull! thy mighty Sound, 
Where thwarting tides, with mingled roar, 


Part thy swarth hills from Morven’s shore. 
* * x * 


All day with fruitless strife they toil’d, : 
With eve the ebbing currents boil’d 

More fierce from strait and lake; 
And midway through the channel met 
Conflicting tides that foam and fret, 
And high their mingled billows jet, 
As spears, that, in the battle set, 

Spring upward as they break 

* * * x 

Or that your eye could see the mood 
Of Corryvrekin’s whirlpool rude, 
When dons the Hag her whiten’d hood. 


The following quotations from the Admiralty Tide Tables refer to the streams along 
the west coast of Scotland: | 


While the laws of the streams are thus of more importance than the laws of the rise and fall of 
the tide, they are also much more simple. The times of high and low water are very different at 
different parts of the coast, while the times of slack water are nearly the same throughout the whole 
region in question. In a great part of this region the stream has no distinct title to be considered 
either a flood or an ebb stream, although at any point it generally flows for six hours in one direction, 
and for six hours in the opposite direction. 

* * * * * * * 


Between the Mull of Cantyre and the north-east coast of Ireland, the most westerly part of the 
north-going stream turns to the west, and runs through the sound of Rathlir along the north coast 
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of Ireland; the central part flows to the north-west past the Rhynns of Islay; the easterly part, which 
has flowed partly through the sound of Sanda, turns sharply round the Mull of Cantyre, and flows to 
the northward, pouring with great velocity through the narrow openings in the chain of islands, viz.: 
the sound of Islay, between Islay and Jura, the gulf of Coirebhreacain between Jura and Scarba, the 
little Coirebhreacain between Scarba and Lunga, the Slate isles and Cuan sound; of these, the little 
Coirebhreacain is quite impassable; and Coirebhreacain and Cuan sound are seldom attempted except 
near slack water. 7 

Great complication arises from describing the time of change of the stream by reference to the 
time of high and low water on the shore; thus we should have to say that in the sound of Sanda, the 
ebb stream begins two hours before high water; at the Mull of Cantyre, one hour before high water; a 
little north of this, again two hours before high water. Southward of Gigha, we might say indifferently, 
that the flood tide runs to the south and begins three hours before low water, or that it runs to the north 
and begins three hours after low water; in the sound of Islay and in the gulf of Coirebhreacain that it 
begins an hour before low water; and in describing the streams along the north coast of Ireland we have 
even greater complication. 

The direction of the tidal streams on the rést of the West coast of Scotland may be thus described: 
Outside of Islay and Iona the streams turn at the time of high and low water at Liverpool, running 
southward with the rising and northward with the falling tide at that place. At the northern end 
of the passage of Tiree the streams change at 14 hours, at the southern end of the Little Minch at from 
three to four hours, and at the northern end at from four to five hours after high and low water at 
Liverpool; the time of the turn of the streams being thus gradually retarded as we proceed north. 
In the sound of Mull there is the same retardation, the streams turning at the southern end at one 
hour before, and at the northern end half an hour after, high and low water at Liverpool, and flowing 
in the same direction as above mentioned. 

Round the north end of the island of Lewis, the stream bends into the Minch and meets the stream 
from the southward, the course of both streams being nearly the same as if there were an embankment 
from loch Shell in the island of Lewis to Ru Rea on the coast of Ross-shire. At the same time, another 
branch of the stream which has rounded Ardnamurchan point flows through Sleat sound, and being 
an hour earlier than the tide which has rounded the north end of Skye, it pours with great velocity 
through Kyle Rhea, but owing to the undulations round Skye meeting near Kyle Akin there is very 
little stream through that narrow opening; the flood stream, as it is stated, sometimes flowing in one 
disection and sometimes in the other, according to the prevailing winds. 


74. The tide wave along the eastern coast of Scotland and England as far south 
as Flamborough Head is progressive in character as might be inferred from the cotidal 
charts, Figs. 21,22, Part IV B. Now, observation shows that the currents follow this 
coast and attain their maximum flood velocities at about the times of local high water. 

The corner of the sea lying between England and Holland and Belgium is char- 
acterized by a stationary oscillation (sec. 44, Part IV B) which is very apparent in the 
currents. Being an arm of an almost tideless sea sustained by the rise and fall in the 
Dover Strait, the northeastern stream should occur at XI + 3,or II, a fact agreeing with 
observation. 

The tidal hours of the estuaries of the Schelde and Meuse ranges from XII to II. 
The east-going stream in the offing occurring at II, it follows that since the estuaries 
must contain tide waves, stationary in part, the times of greatest influx must be some- 
what earlier than the times of tide. Observation shows that the greatest influx occurs 
from XII to I o’clock, or from 2 to 1 hours earlier than the greatest easterly stream 
in the offing. 

Van Der Stok finds that at Schouwenbank L.V. the currents are rotary and counter- 
clockwise as they should be in a case of this kind. (See table under sec. 97.) 
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The southeastern corner of the North Sea contains a tide wave stationary in part. 
This might be inferred from Fig. 22, Part IV B; but the greatest flood stream around 
Helgoland Island occurs 14 hours before local high water. 

The tidal streams in the approaches to the Baltic Sea are everywhere weak. 

The famous Malstrém or Moskenstrém in the Lofoten Islands can possess no very 
unusual strength, because the mean range of tide is there only 6 feet, and the time of 
high or low water must be about the same for the whole region concerned in the pro- 
duction of the whirlpool. (Fig. 23, Part IV B.) Barlow gives a map (opposite p. 196 
of his treatise) showing the streams of this region and the whirlpool itself. The Mal- 
strém is described at some length in Part II of the Norway Pilot, 2d ed., pp. 400-401, 


422-424. 


References to recent charts and discussions of the currents around the British Isles and in 
the North Sea. 


Hydrographic Office, Admiralty: Tidal Streams, English and Irish Channels (1899); 
Tidal Streams, Coasts of Scotland (1899); Tidal Streams, North Sea (1899); Tide 
Tables, Charts, and Pilots, or Directories or Sailing Directions. 

M. Hédouin: Current charts published by the Service hydrographique de la marine, 
1891. 

J. P. Van der Stok: Etudes des phénoménes de marées sur les Cétes Néelandaises, 
Koninlijk Nederlandich Meteorologisch Institut, 1905. 

Deutsche Seewarte: Atlas der Gezeiten und Gezeitenstrome fiir das Gebiet der 
Nordsee und der Britischen Gewdsser, 1905. 


75. The Guf of St. Lawrence and outside waters. 


As already explained in section 73, Part IV A, and sections 34-40, Part IV B, the 
tides along the coast of America from Cape Race, Newfoundland, to Florida, result from 
a stationary wave extending from this coast in a southeasterly direction. The tidal hour 
of the American loop of this wave being XII, it follows that well off the coast the current 
hour should be IX. As the northwestern edge of the ocean basin is approached this 
hour changes little or considerable, according to circumstances. From New York 
entrance to Savannah, observations made a few miles off the coast indicate, with scarcely 
an exception, that the northwesterly or westerly component of the current is running 
with the greatest velocity at a little after IX. Stations off New Jersey, Maryland, 
Virginia, North Carolina, and South Carolina are given in the accompanying table. 
Since the first nodal line of the stationary tidal oscillation terminates near Guadeloupe 
Island, it follows that the times of tide for the northern coasts of Cuba, Haiti, Porto Rico, 
and the Virgin Islands can not differ very much from XII. (See Fig. 11, Part IV B.) 

If the Gulf of Mexico and the Caribbean Sea be regarded as tideless bodies, it follows 
that the greatest southward downward slope through Florida Strait, Windward Passage, 
and Mona Passage must occur at about the time of high water outside. Straits of these 
dimensions, especially if connecting deep bodies of water, must contain stationary waves. 
Consequently the maximum southward velocities must occur about 3 hours after the 
time of high water off their northern openings. The inward current hour (ebb) should 
therefore be in the neighborhood of XII+3, or III. Observation gives for Florida 
Strait off Fowey Rocks II.3, and near the western end of the strait III.o as the current: 
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_ hours. ‘For Windward Passage the observed hour is III.4, for Mona Passage II.7, and 

for Vieques Passage III.1. The same thing is nearly true of the tide in the Lesser 
Antilles. Between Barbados and Tobago the current hour of the westerly stream is 
X1.78 and between St. Vincent and St. Lucia the hour 1 if X. 34. The tidal hour is VII. 
This being increased by 3 hours gives X for the current hour, assuming the oscillation 
to be stationary. 

The principal part of the tide in the Gulf of St. Lawrence:is a fractional stationary 
wave whose node is north of the Magdalen Islands and whose loop is the St. Lawrence 
Estuary. (See sec. 91, Part IV A.) The tidal hour of this loop is about VI; hence if 
there were no progression the current hour for the in-going stream should be III. An 
inspection of the map (Fig. 13, Part IV B) will show that high water for the northeastern 
arm of the gulf occurs at a trifle before II; consequently water must be most rapidly 
flowing northeastward at a little before XI, or II—3; hence the current hour shown on 
Fig. 7. Just outside of Cabot Strait the ocean wave is partly stationary, with a tendency 
to a maximum northwesterly velocity at IX, and partly progressive, owing to the 
irregularities in the shore line and the progression existing in the gulf, with a tendency to 
a maximum velocity at XII. The observed maximum velocity in the strait occurs at XI. 
But, as already stated, the westerly velocity of the stationary wave north of Magdalen 
Islands is about III. So far as velocities are concerned, a progressive wave affects a 
stationary wave least near a nodal line, and most at the end from which the progressive 
wave seems tocome. Hence the tendency for the cocurrent lines to bunch up toward 
Cabot Strait rather than at the node. The hours for the west-going stream change from 
XI at Cabot Strait to a little less than III off the Magdalen Islands. The rapidly changing 
stream is intersected by the stationary stream filling or emptying the northeastern 
corner of the gulf. They intersect at right angles, have equal velocities, and phase 
difference of 3 hours at the point shown in Fig. 7, from which the cocurrent lines radiate. 
The hour of the stationary stream is X4 or IV4, and of the progressive I}. 

The current in the Strait of Belle Isle is oscillatory. At the outer end the tidal hour 
is X and at the inner end II; the mean ranges are 24 and 34 feet, respectively. These 
values, substituted in Table 60, give, when increased by 3 hours, X1.8 o’clock for the time 
of maximum inward velocity. Observation makes the hour off Armour Point a trifle 
over XII}. As already noted, the stream flowing out of the northeast angle of the gulf 
in a southwesterly direction is swiftest at IV4; consequently off the inner end of the 
strait the current hour must change from I to IV4if the west-going stream be followed. 
The mean maximum velocity off Armour Point is about 1} knots. 

Above its estuary, the St. Lawrence River has a tidal wave nearly progressive in 
character, and so the flood continues a considerable time after local high water and the 
ebb, after local low water. 

In comparing the chart of cotidal lines (Fig. 13, Part IV B) with the cocurrent chart 
(Fig. 7, Part V) it must be remembered that here and elsewhere the cotidal lines refer to 
actual (not the M,) high water, while the cocurrent lines refer to the time obtained by 
using the maxima of both flood and ebb (adding 6 lunar hours to the latter) or to the 
M,-current. Where river stations are involved, an M, cotidal map would be preferable 
to one referring to actual high water for making comparisons with the currents. At 
Quebec, the M, high water is nearly one-half lunar hour behind the actual high water. 
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The spring velocity of the tidal current in the narrows of the South Traverse is 
74 knots. 

The tidal current between Anticosti Island and the mainland north of it is a 
stationary oscillatory stream. The tidal hours off the east and west ends of this strait 
are II.5 and V.6, respectively, while the emean ranges of tide are 3 and 5 feet. The 
time ascertained by Table 60 when decreased by 3 hours gives III.6 as the current hour 
of the west-going stream. 

The current in the narrow part of Northumberland Strait is also oscillatory, as can 
be seen by noting the tidal hours and ranges at the ends and applying Table 60. The 
values II} and 5 for the east end and XII4 and 2 for the west end give, upon subtracting 
3 hours from the value in Table 60, XII o’clock for the time of greatest eastward current. 
Near the narrowest part of the strait the flood stream turns to ebb and the cocurrent 
lines, if drawn, would bunch up together. The numbers between XI and IV have 
been omitted on the map. North of Prince Edward Island the transition from flood 
to ebb is less sudden. 

Through the Gut of Canso the streams are hydraulic. The hours and ranges in feet 
for the two ends being XI.5, XII.7, and 4, 24; the value from Table 60 is X.3. Off Cape 
Porcupine the rate of flood or ebb is 4 knots. 


References to tidal currents 1n Canadian waters: 


Admiralty: Newfoundland and Labrador Pilot; Sailing Directions S. E. Coast of 
Nova Scotia and Bay of Fundy; St. Lawrence Pilot. 

W. B. Dawson: Survey of Tides and Currents in Canadian Waters, Reports rgor, 
1902; The Currents at the Entrance of the Bay of Fundy, Ottawa. 1905. 


76. Guf of Mazne. 

As explained in sections 34, 91, Part IV A, and section 39, Part IV B, the ocean 
tide wave supports an oscillation of approximately critical length in the Gulf of Maine 
and Bay of Fundy by means of an intermediate progressive wave which is in evidence 
at Georges Bank. Here, where the range of the stationary dependent wave is small, 
the progressive wave greatly influences the times of the resultant observed tides. In 
approaching this bank from deep water, and by the time the maximum flood reaches 
the center of it, the current hour changes from IX4 to XII}, the change taking place 
chiefly at the loop of the oceanic oscillation. 

Observation shows that the time of current increases less than half an hour beiqeea 
Georges Bank, where it is XII4, and the regular shore line 175 miles to the northwest. 
This is shown in Fig. 7. In the central portion of the Bay of Fundy the current hour 
is I. Along the shores of the bay the current turns earlier because its motion being 
there partially arrested by the irregularities of the shore line, the hydraulic tendency 
to flow into or out of the bay in accordance with the surface slope comes into existence. 

Because of the narrow channel above the city of St. John, the tides produce two 
falls each way daily, the slack waters occurring when the river and the bay are upon 
the same level. The flow is strong in consequence of there being an average maximum 
head of nearly 10 feet. (See Fig. 13, Part IV B.) 

In the center of the passage to the Basin of Mines, the spring maximum velocity 
is 5 to 6 knots, while near Cape Split it is 7. or 8 knots. 
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In so far as the currents in the Gulf of Maine are rotary, the rotation is clockwise. 
East of Cape Cod Peninsula the cold permanent current setting southward is 
apparent. 


77. Nantucket Shoals to Narragansett Bay. 


From what has been said concerning the westerly ocean currents at about IX 
o'clock and the northerly current into the Gulf of Maine at about XII4, it is reasonable 
to expect a circular point in the neighborhood of Nantucket Light Vessel (or where the 
stream, in a sense, divides), and that the rotation of currents on Nantucket Shoals 
should be clockwise asa rule. So far as observations have been made they go to verify 
these conclusions. Easterly from this point, the progression of the hours is northward, 
and westerly from the point, the progression is southward. This indicates that the 
progression upon Georges Bank controls in the first region, while the progression over 
the shoals southeast of Nantucket controls in the second. In other words, we are to 
imagine about half of the scheme illustrated by Fig. 4 to be in each locality; in either 
case the north and south motions are simultaneous across the lines marked XII and 
IX. All.observed currents off Nantucket which are rotary turn clockwise. 

The fact that the current intervals increase in going southward and southwestward 
along the coast of Nantucket Island, while the tidal intervals increase rapidly in the 
opposite direction, was noted by Schott more than 50 years ago, on page 163 of a paper 
relating to the currents on Nantucket Shoals and published in the Coast Survey Report 
for 1854. 

Upon referring to Fig. 8 it will be seen that the current hour for the easterly going 
stream increases through Vineyard Sound to a late region northeast of Cape Poge; 
farther east the hour of the main stream continues to decrease to a little east of Great 
Point; still farther east the hour of the main current increases, but the direction of 
flood veers to northward. Along the eastern shore of Monomoy Peninsula is a region 
about 24 hours earlier than that east of Great Point. This is caused by the hydraulic 
effect along the coast, the downward northerly slope of the water being greatest at 
about the time of low tide at Provincetown or IX4. One may therefore go westerly 
from this early region to the late region marked I, northeast of Cape Poge, and find 
the current hour invariably increasing. Other early regions are located inside of Great 
Point and of Monomoy Point. These bays are simply filled and drained nearly simul- 
taneously with the rising and falling of the tide in the main body of the sound. The 
currents (filling) have their greatest velocity 2 or 3 hours before the times of high water. 
The west-going stream of the sound occurs only 2 or 3 hours after these times of influx 
into the dependent arms or bays. Consequently, their times of most rapid filling must 
gradually merge into the times of the swiftest west-going stream in the main body of 
the sound. 

The currents through Muskeget Channel and Edgartown Harbor (when open to 
the south) are hydraulic, as can be seen upon substituting the ranges and tidal hours 
off the ends of these channels, as found on Fig. 15, Part IV B, in Table 60. The tidal 
hours for Muskeget Channel are XII.5 and IV.2, whilé the ranges are 3 and 2} feet; 
therefore the north-going stream should be XI.5. Observation gives XII—. In Quicks 
Hole and other openings between Buzzards Bay and Vinevard Sound, the currents are 
hydraulic. Because of these openings and the proximity to the entrance to Vineyard 
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Sound, the current hour increases from the northwestern shore of Buzzards Bay, where 
it is about IX4, toward the southeastern shore, consisting of islands, where the hour 
vanies from X to XI. 

Narragansett Bay has a nearly stationary tide wave, and has few belating depend- 
encies or connections; hence the time of current must be about 3 hours before the 
time of high water, and this observation shows it to be the case; the tidal hour for 
the bay varies from XII to XII} and the current hour from IX to [X4. 


78. Long Island Sound. 


The tide of Long Island Sound consists chiefly of a stationary wave approximately 
4A long. The tidal hour for this wave as inferred from the time of tide near the loop 
is IV. Observation shows that the current hour for the sound is I ora trifle over. The 
transition of the stationary Atlantic wave to the dependent wave of the sound is apparent 
many miles southward of Montauk Point, because here the ocean is comparatively 
shallow and because the time difference between the ocean and sound is considerable. 
The late current entering the sound joins, near the nodal line, two early stationary 
waves or currents, one being that of the ocean to the south, the other, that of Narra- 
gansett Bay to the northeast. Hence the two circular points near the entrance to the 
sound. Near the southern point the rotation of the current is clockwise, and near the 
northern point counterclockwise. 

It may be noted that even in the region south and southeasterly from Montauk 
Point, where the current is as late as XI o’clock, there is a westerly component at about 
IX; this part of the current belongs to the Atlantic oscillation. 

A cocurrent line marked IX extends from southern Nova Scotia southeasterly | 
probably to a point eastward from Porto Rico. Observations made east of Désiderade 
Island show a northwesterly current at VIII.29. This agrees with the horizontal 
motion belonging to the stationary wave which causes the tides along the Atlantic coast 
of the United States. A line marked IX4 extends from Nova Scotia, outside of Georges 
Bank, to the circular point off Virginia, and is shown in Figs. 7 and 17. The character 
and extent of the cocurrent lines between the lines just referred to and the land, can be 
ascertained by means of the accompanying maps. The belating effect of Long Island 
Sound is very apparent, while the similar effect for New York Harbor is not great, 
because the time of the tide in the Lower Bay 1s not much later than that of the ocean. 

At the eastern end of Long Island Sound the current is considerable, because a 
north-and-south line } A from the head of the sound would fall not far to the east of 
Montauk Point. Moreover, Plum, Great Gull, and Fishers Islands partially obstruct 
the passageway, thus necessitating increased velocities for maintaining a given rise 
and fall at the head of the sound. In the Race the velocity is 3 knots. The current 
hour for the greater part of the sound lies between I and I$. Near the northern shore 
the current hour is less than I. In Fishers Sound it is XI4. This acceleration is due 
to the direct action of gravity upon the shore waters when possessing an eastward or 
westward slope. The similar effect is not equally great near the south shore of the sound, 
because the regularity of the shore line there permits the oscillation to extend very near 
to the land; but in the bays on that side the current is early, owing to the fact that they 
must be filling most rapidly 3 hours before high water. 

In entering tidal rivers where the tide wave sdon becomes nearly progressive the 
current hour must change rapidly. (See Figs. 9-11.) 
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79. East River. 


The tidal hour at and just east of Throgs Neck 1s III.8; in New York Upper Bay 
the tidal hour is XII.7.. The mean range in the former locality is 7.2 feet, in the latter 
4.4. By means of Table 60 it follows that the maximum eastward current should 
occur at X.8. Observation shows that from Throgs Neck to the eastern side of Governors. 
Island the time of current changes by qnly 1 hour, viz., from X}4 to XI4. Just east of 
the line marked X and IV, the former for the east-going stream, the latter for the one 
going west, the stream changes in name from flood to ebb, or vice versa, according as in 
passing beyond this line the maximum stream follows high water or low water instead of 
preceding it, as a true flood or ebb 1s supposed todo. Off either shore of the northerly 
end of Blackwells Island the velocity of flood or ebb is 4 knots. Eddies occur in Pot 
Cove, Astoria Cove, and Wallabout Bay. 

The times of current in the sharp bays bordering the East River are governed by 
the times of their high and low waters, the current preceding the tide by 3 hours. 


80. New York Harbor and Hudson River. 


Both coasts of Sandy Hook have early currents (even earlier than IX), due to the 
direct effect of gravity tending to cause the greatest motion when the slope of the 
surface of water along the coasts is greatest. There is probably a circular point very 
near the New Jersey coast north of Barnegat Inlet, at which the IX and IX} lines lying 
off the coast terminate. The X line from the circular point off Virginia probably also 
terminates here. 

In passing through Fire Island Inlet the current hour changes from less than IX 
outside to more than X at the inner end of this strait. But, as can be seen from Fig. 12, 
the current hour changes little in going through Rockaway Inlet into Jamaica Bay. 
Because of rapid change in time in going through Fire Island Inlet and the opposite 
directions of the flood current without and within the inlet, the complete representation 
of the current at the mouth of the inlet requires a circular point around which the 
numbering of the lines is counterclockwise, and so the rotation of the near-by currents 
must be clockwise. At the entrance to Rockaway Inlet the current simply splits, there 
being a wedge of dead water between the two branches. 

No recent observations have been made close to the point of Sandy Hook; but 
Mitchell found there an almost continuous outward tidal current caused by the fact 
that an eddy was formed just within the hook on the flood stream, but none was formed 
there on the ebb. It seems probable that a similar condition exists now notwithstand- 
_ing the variations which the hook has since undergone. 

The tide in Raritan Bay consists chiefly of a stationary wave increasing in range 
to the westward. Hence the greatest downward and northeastward slope along the 
Staten Island shore occurs not far from the time of high water. The direct effect of 
gravity is to produce a northeasterly going stream at about this time, or a little later. 
The stationary character of the Raritan Bay tide causes maximum flood to occur at 
about IX} while the progressive character of the Upper Bay and Hudson River tide 
causes current hour off Coney Island to be XI. Hence, the times of the northeasterly 
going stream must vary from XI to III4 along the Staten Island shore, while the 
onshore stream occurs at X; hence, the circular point. 
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The feeble currents in Gravesend and Gowanus bays are earlier by from 1 hour 
to 2 hours than are the currents in the middle of the channel. 

Just south of Battery Park is a wedge of nearly tideless water, lying between die 
Hudson and East rivers. Because of this fact, the permanent flow of the Hudson 
generally dominates the current. 

In the Kill van Kull the current is 24 hours earlier than in the channel of the 
Hudson opposite the mouth of this stream. The fact is of some importance with 
reference to any sewerage which may be discharged into the Kill van Kull on the ebb 
tide; for, it will, in the first place, be carried southward a considerable distance. The 
currents through both kills are hydraulic as can be seen upon noting times and ranges 
of tide in Newark Bay and the waters outside of it. The circular point in Newark 
Bay indicates that, following one stream, the times (current hours) of this stream 
vary much within a short distance. In other words, the streams coming from opposite 
directions are approximately simultaneous. The currents of Newark Bay, following 
in the general direction of the eastern and western shores has X}4 as its hour in the 
southern part of the bay. 

The flood current in the lower Hudson has its greatest velocity at about the time 
of local high water, indicating the progressive character of the tide wave. Where the 
fresh and salt water meet there is a tendency for the light fresh water to lie at and 
near the surface while the more dense salt water occupies the lower layers of the 
stream. Hence the observed surface current may have a strong permanent current, 
while near the bottom this permanent current will be much weaker. Hence the times 
of slack water may be greatly disturbed at the surface and remain comparatively 
regular near the bottom. The observations of Mitchell and Marindin have shown 
that the flood slackens early at the surface in comparison with its time of slackening 
at the bottom. The reverse occurs at the slackening of the ebb stream.* 

In the upper Hudson the tide wave becomes partially stationary so that the greatest 
flood velocity finally occurs two or more hours before the time of local high water. 


81. Delaware and C hesapeake Bays. 


The gteatest velocity of the flood current in lower Delaware Bay occurs about 
24 hours before the time of local high water. This gives further evidence that the 
tide wave of the bay is nearly stationary in character. In the river, on the other 
hand, the tide must be nearly progressive; hence, the crowding together of the cocur- 
rent lines in the upper portion of the bay. Along the sides of the lower part of the 
bay, the time of the current is influenced by the direct effect of gravity upon these 
waters which only in part partakes of the oscillatory motion. Hence, its early time 
of turning or of running flood or ebb. 

Off Cape Henlopen the mean maximum velocity is 1.8 knots, at New Castle 2.6, 
and at Philadelphia it is 1.4. In following the coast southward from Cape Henlopen 
the current becomes later. As the Virginia line is approached the velocity along the 
coast and that normal to the coast are very small. Observation shows the current in 
this region to be rotary and in the clockwise sense. This implies that the order of the 
cocurrent lines about the near-by circular point be counterclockwise, or opposite to 
the order for the circular point just east of the New Jersey. coast. 


*U.S. Coast and Geodetic Survey Report, 1887, pp. 301-312 
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The IX4 line setting out from the circular point of the Virginia coast passes near 
the outside of Georges Bank thence to southern Nova Scotia. 

On account of the progressive character of the tide in Chesapeake Bay, the times of 
the currents are delayed for some considerable distance outside of the capes. Between 
the capes the current-hour is XII4, while in the water beyond its influence the hour is 
probably a little under IX4. Hence the crowding up of the cocurrent lines in approach- 
ing the entrance to the bay. The bay being a propagative body, the maximum 
flood velocity occurs at nearly the time of local high water. Many of the dependent 
arms of water intersecting the general shore line must have tides of a partially stationary 
character. Hence, there occur many localities such that the current hour increases 
toward the bay, and generally inland as well. These may be styled ‘early regions.” 
They are made apparent through the convention of always writing the numbers on 
the later sides of the lines. The following are examples: Pocomoke Sound; Fishing 
Bay; Honca River; Choptank River, near entrance; Eastern Bay; Chester River, 
near entrance; Sassafras River, near entrance; Gunpowder River; Patapsco River; 
Magothy River, near entrance; Severn River; South River;: Herring Bay; Patuxent 
River, near entrance; St. Mary River; Great Wicomico River, near entrance; Rap- 
pahannock River, near entrance; Piankatank River, near entrance; Mobjack Bay; 
entrance to York River; Hampton Roads; Elizabeth River. 

The intervals and ranges indicate that near the head of the bay the tide wave is in 
part stationary. The early currents at this end of the bay give further confirmation 
of this hypothesis. At Baltimore harbor the tide wave is entirely stationary; for, 
current observations made by F. A. Kummell near Fort McHenry show that the north- 
westerly velocity is there greatest 3 hours before the time of high water. 

In the acute angle between the axes of the Patapsco River and of upper Chesa- 
peake Bay the currents are rotary; but this fact has not been represented upon the 
map because of the small extent of the locality in question. 

The current near the heads of the James, Rappahannock, and Potomac Rivers 
is made early by the sudden changes in cross section and elevation of the river beds. 
The same is true of the lower Susquehanna, and of the Delaware at Philadelphia. 

The velocity of the current between the Capes is about 1 knot. Off the mouth of 
the Rappahannock the velocity is 0.50 knot; off the Patuxent, 0.39 knot; off Herring 
Bay, 0.32 knot; off Sandy Point, 0.66 knot. ; 


82. Florida Strait. 


As already noted, the current in Florida Strait of the semidaily tide indicates that 
the tide wave is here partly stationary. The diurnal tide should here be a stationary 
wave, and with greater reason, because the length of the strait is a smaller fraction of A 
in the latter case than in the former. Consider the diurnal tide at Fernandina and 
Key West, Fla. 

From section 97, Part IV A, we have at the two places 


K,=0.34, K°,=120°; K,=0.27, K°, = 274. 


The O,’s at the two places compare in about the same manner and will, for convenience, 
not be considered. The longitude of Fernandina is 5.43 hours and of Key West 5.45. 
The K, tidal hours at the two places are therefore XIII.43 and XXITI.72, respectively. 
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These differ by 10.29 hours. Hence, there should be almost a nodal line for the K,- 
tide in Florida Strait. An harmonic analysis of 1914 days at Cape Florida, beginning 
February 15, 1857, gives the following constants, not corrected for imperfect elimination: 


K, =0.0857 foot, K{= 189°.o9, K,= 0.0408 foot, K$= 286°.89. 
M,=0.7654 foot, M9=244°.36, O,=0.0714 foot. Of = 205°.91, 
S, = 0.1337 foot, S$=279°.47. 


It is thus seen that at this point the diurnal tide is small in comparison with the 
semidiurnal. This fact was anticipated before the analysis was undertaken. 

To infer the K,-current, take the tidal hours and amplitude ratio for Fernandina 
and Key West, and make use of Table 60. The time of greatest southward, downward 
slope is thus found to be XII.7; consequently the tidal hour of the maximum south- 
going stream is XII.7+6=XVIII.7. From the reduction for the observations off 
Fowey Rocks, longitude 5.33 K2 (north) is 14°=0.93 hour. Hence, the observed 
current-hour for the south-going K, current is 5.33+0.93+12=XVIII.26, which 
agrees well with inference. 

The diurnal current flowing into the Gulf of Mexico through the Yucatan Channel 
should have its greatest velocity 6 hours before diurnal high water over the Gulf, or at 
II—6=XX. (See Nos. 113-148, Section 97, Part IV A.) Observation gives 248°.6 for 
the epoch of the K, north-going current at a point whose longitude is 5.75 hours. Hence, 
the current hour is X XII.32. 


83. Papers in C oast Survey Reports relating to tidal currents of the Atlantic Coast of 
the United States: 


C. A. Schott: On the currents of Nantucket Shoals, Report 1854, pp. 161-166; 
Currents in Muskeget Channel and off the northeast coast of Martha’s Vineyard, Report 
1854, pp. 166-168; Tidal currents of Long Island Sound and approaches, Report 1854, 
pp. 168-179. 

H. Mitchell: Tides and tidal currents of New York Harbor and its dependencies, 
Report 1856, pp. 264-266; Tides and currents in Nantucket and Martha’s Vineyard 
sounds, and in East River at Hell Gate with remarks on the revision of levelings on the 
Hudson River, Report 1857, pp. 350—-354.. | 

A. D. Bache: Tidal currents of New York Harbor near Sandy Hook, Report 1858, 
Pp. 197-203. 

H. Mitchell: Currents in the East River at Hell Gate and Throg’s Neck, the sub- 
currents of New York Bay and Harbor and levelings on the banks of the Hudson River, 
Report 1858, pp. 204-207; Tides and currents of Hell Gate, N. Y., Report 1867, pp. 
158-169; harbor of New York, 1873, Report 1871, pp. 109-133; Middle-ground Shoal, 
New York Harbor, Report 1872, pp. 257-261; Circulation of the sea through New York 
harbor, Report 1886, pp. 409-432; On the movements of the sands at the eastern en- 
trance to Vineyard Sound, Report 1887, pp. 159-163; Report on the results of the 
physical surveys of New York Harbor, Report 1887, pp. 301-311. 

H. L. Marindin: Tide levels and flow of currents in New York Bay and Harbor, 
Report 1888, pp. 405-408; Tides and currents in the harbor of Edgartown and in 
Katama Bay, Martha’s Vineyard, Report 1892, pp. 225-241. 
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84. Coasts of South America. 


Like Africa, South America is exposed to the direct action of the deep ocean tide; 
and so observations made upon tides and currents have an important bearing upon the 
general problem of the tides. 

The quotations given below are taken from the Admiralty Pilots for South America, 
Part I (1893), Part II (1895), and for the West Indies, Vol. I (1893). 

They indicate the ending of one stationary wave against the southeastern coast 
of Brazil, and another against the northern coast. They also indicate a loop of a sta- 
tionary wave in the Gulf of Panama. 

They show how in dependent stationary arms of the sea, like those along the eastern 
coast of Patagonia, the velocity of the tidal streams may be small while the range of 
tide is exceptionally great. 

There is good evidence from the tides, and possibly some evidence from the cur- 
rents, of the ending of a stationary wave along the Chilean coast. Both currents and 
tides indicate the southerly and southeasterly direction of the flood as Cape Horm is 
approached. 

Both currents and tides indicate that the general direction of the flood along the 
eastern coast of South America from Staten Island to Rio de la Plata is northerly. 
One remark concerning the tides off the mouth of the Rio Negro indicates that their 
establishments change rapidly in going a comparatively short distance. (Cf. Fig. 29, 
Part IV B.) 


85. Southeast coast of South America, quotations. 


It is high water, full and change, at cape St. Roque at 4h. 14m.; springs rise from 8 toro feet. 
In the St. Roque channel the flood sets to the south, and the ebb to the north, at about one mile an 
hour. 

The establishment of the whole eastern shore of Brazil varies but little as the coast lies nearly in 
a straight line, and parallel to the tidal wave which traverses the Atlantic ocean from E.S.E. to 
W.N. W. 

It is high water, full and change, at Bahia, at 4h. 26m., and the spring rise is 8 feet. The flood 
runs 5 hours to the north-ward, and the ebb 7 hours to the south-ward. The velocity of the tide is about 
14 miles an hour, increasing to 2} and 3 miles during springs. 

It is high water, full and change, at Caravellas, at 4h. 15m., spring rise about 10 feet. The tidal 
stream varies from 2 to 3 knots, the flood sets to the south, and the ebb to the north, outside the bar; 
but this direction varies very much with the locality, and force and direction of the wind. 

It is high water, full and change, at Rio de Janeiro at 3h.; springs rise 4 feet and neaps 3 feet. The 
usual rate of the tide is about three-quarters of a mile an hour, springs run 14 miles. , 

It is high water, full and change, off Estrella bay at oh. 30m.; springs rise 5 feet, and neaps 4 feet 
and at Parati rh. 43m., springs rise 54 feet. There is little or no stream. 

Santos Harbor: It is high water, full and change, at 2h. 50m., springs rise 5 feet. The tides are 
strong, particularly the ebb. 

It is high water, full and change, at Sad Francisco at 2h. 30m. a. m.; springs rise 7 feet, and neaps 
5 feet. At springs, the stream from the river runs from 3 to 4 miles an hour, and is only overcome 
by the strength of the flood, soon after resuming its course; this is called half tides (meias marés). 

It is high water, full and change, at Anhatomirim islet at about 2h. 45m.; springs rise 6 feet and 
neaps 44 feet. The tides are tolerably regular in Santa Catherina channel; they enter from the north- 
ward and southward at the same time, and meet off the town, where they also separate. The strength 
seldom exceeds a third of a mile an hour, but near springs it sometimes runs 14 miles. 

There are no appreciable tides in Maldonado bay. 
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Monte Video: It is high water, full and change, at 2h. 30m. (approx.); astronomical tides range 
about 18 inches. 

Rio de la Plata: In the vicinity of the Cuirassier and Chico light vessels in ordinary weather, 
the average rise and fall is 4 feet, the ebb setting to the southeast at the rate of from one-half to 3 
miles an hour, and the flood to the north-west at from one-half to 13 miles an hour. 

It is high water, full and change, off Andres head at 1oh., rise 8 feet. The flood sets to the north- 
ward and the ebb to the southward. 

It is high water, full and change, in El Rincon about 5h. The tidal streams set strongly, the 
flood to the north, the ebb to the south, nearly 6 hours each way; off Asuncion point the flood sets 
to the eastward. 

It is high water, full and change, in Union bay at 3h. 10m.; springs rise 12 feet, neaps 9 feet. 
The flood-tide at the entrance sets to the northward across the banks about 2 miles an hour. 

Rubia Head: The tides run along this coast with dangerous strength, from 2 to 4 miles an hour. 

Rio Negro: It is high water, full and change, on the bar, during settled weather, at 11h.; springs 
rise 14 feet, neaps 1o feet. In the offing, it is 3 hours later. The tidal stream runs parallel to the 
coast from 2 to 4 miles an hour. 

The tidal wave comes up the coast from the southward, and rushes round Valdes peninsula with 
much strength, causing violent and dangerous overfalls off Valdes creek and Norte point. Part of 
the body of water thus going northward, separates, and runs round Norte point; thence to the port of 
San Josef the tide sets strongly, with ripplings and races, dangerous for boats, or very small vessels. 
The main body continues its progress to the northward, inclining to the west, until near Belen bluff, 
when it divides; one stream running to the north-west, the other to the eastward. Eastward of Belen 
bluff, the ebb sets faintly to the south or south-eastward; westward of the bluff it sets to the south- 
eastward. 

West of the meridian of Norte point, the south point of entrance to the gulf of San Matias, and 
northward of latitude 41° 50’ S., but little stream of tide is felt; though the water rises 24 feet. With 
a weather tide there is a very cross short sea in the entrance of the gulf. 

Between Villarino point and the Reparo bank the tide runs from 3 to 5 miles an hour. 

It is high water, full and change, within port San Josef at 1oh. om. The tide rises from 20 to 30 
feet, and the stream rushes between the heads from 3 to § miles an hour. 

It is high water, full and change, at port Melo at 3h. 40m., springs rise 15 feet. The tides off 
this part of the coast are strong, running along the land at the rate of 2 or 3 miles an hour. Off the 
projecting points, and in confined passages, their strength is of course increased, and causes heavy 
ripplings when opposed to the wind. 

At full and change, the flood or northerly tide ceases in the offing about 4h. 15m., but near cape 
Blanco and among the shoals, the tides may be less regular; they produce strong ripplings and set 
from 3 to 4 miles an hour round cape Three Points. 

It is high water, full and change, at port Desire at oh. 10m., springs rise 184 feet. The tides set 
in and out of the port with regularity, and at the rate of § knots an hour. 

It is high water, full and change, in Sea Bear bay at oh. 45m., rise 20 feet. The tide off the entrance 
is very rapid. The flood sets to the N. N. E., and has been observed as much as 3 knots against a strong 
northerly wind. The ebb sets nearly in the opposite direction and about the same rate. Off Penguin 
island the northerly stream ceases at about 4 hours after high water by the shore. 

It is high water, full and change, in the river Santa Cruz, at gh. 30m.; springs rise 4o feet, neaps 
rise 29 feet, with a velocity of from 3 to 6 miles an hour. In the offing the tides flow regularly 6 hours 
each way, but turn 2 hours later than the time of high water in-shore. The flood runs to the north-east 
ward and the ebb to the south-westward. 

It is high water, full and change, in the entrance of port Gallegos at 8h. 50m.; springs rise 46 feet, 
the stream runs at the rate of 5 miles an hour. 

General description: Along that dreary and almost unbroken coast, extending from cape Cor- 
rientes to Bahia Blanca, the stream of the tide is very weak, although the water rises and falls about 
10 feet. The great tidal wave from the southward here appears to end, after sweeping along the south- 
ern half of South America. In the archipelago of Tierra del Fuego the flood-tide comes from the N. W., 
passes round cape Horn, and through the strait of Le Maire, and then, from cape St. John, sets strongly. 
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to the eastward and north-eastward. From thence the flood runs to the north-east, along the north 
side of Staten island and Tierra del Fuego, occasions very high tides at the entrance of Magellan strait, 
where it unites with the stream which has come directly through the strait, and passing onward along 
the coast of Patagonia, produces high water at each place in succession until it is lost near cape 
Corrientes. 

Near the coast between the dangerous banks of San Blas and Bahia Blanca, the flood and ebb 
streams set nearly north and south, from one to 4 miles an hour, according to the wind and the age of 
the moon. Between the banks of San Blas and the Rio Negro, the tides are regular, running a little 
more than 6 hours each way, if not affected by the wind, with a velocity of 2 to 5 miles an hour; these 
strong and dangerous tides are not much felt at the distance of 15 miles from the land. Between San 
Blas and cape Bermeja the tidal stream sets N.E. and S.W., about equally strong each way. 

In the depth of the gulf of San Matais there is very little stream of tide, but a rise and fall of from 
20 to 30 feet. 

‘In the gulf of St. George there is not much stream of tide. Off capes Dos Bahias and Blanco, 
particularly the latter, the tides are again strong, and there are races off cape Blanco almost as dangerous 
as those off the peninsula of San Josef. 

Off the peninsula of San Josef there are dangerous tidal races; and so high and so violent are the 
waves at particular times of tide that a small vessel might be most seriously injured if not totally 
destroyed by getting into them. 

East Falkland Island: The flood runs to the north-east, past the Wolf rock, and becomes stronger 
as it approaches cape Pembroke, round which its rate is from 2 to 3 miles, according to the age of the 
moon. The flood runs directly to the northward of the Seal rocks to Volunteer point, while very 
little tide is felt within the heads of port William or Berkeley sound. The ebb runs with equal strength 
to the southward, and when there is a strong breeze, a heavy tide rip extends 2 miles off shore. 

The tide sets to the westward during the flood along the whole south shore of East Falkland; its 
strength is from one to 2 miles an hour, but near Porpoise point, the south-west horn of the bay of Har- 
bours, it is nearly 3 miles, and with westerly gales forms a strong race. The stream turns when it is 
high water by the shore. 

It is high water, full and change, on the shore at Race point, at the northern entrance of Falkland 
sound, at 6h. 45m.; the velocity of the tide here is about 4 miles an hour, but in Grantham sound its 
rate diminishes to about 14 miles. At the southern entrance of the sound it is high water, full and 
change, at 7h. 

The time of high water, full and change, in the harbors in Falkland sound, is given on the chart. 

The tides in both entrances of the sound, and between the islands, run from 3 to 5 knots at springs, 
but in the wider portions they are moderate. The stream of tide at the north entrance makes into 
the sound about 3 hours before high water on the shore, or about 4 hours at full and change. Among 
the islands in the south-eastern part of the sound the tides are very irregular in their set and velocity. 

There appears to be tide and half tide all through Falkland sound. The flood stream commences 
by running to the northward when it is half ebb by the shore, and runs until half flood; it then turns 
and runs to the southward until it is half ebb again. But the tides among these islands require further 
investigation; Captain Fitz-Roy states that the tide flows into both ends of Falkland sound, and that 
the two streams meet near the Swan island. 

It is high water, full and change, in Pebble sound at 8h. 45m.; springs rise 8 feet. Running along 
the north coast of the islands to the westward, part of the flood rushes through Tamar and Whaler 
passes, and part sweeps round the West Pebble islet into Keppel sound, filling that sound, and port 
Egmont, 2 hours before it has ceased running to the westward. This latter portion rushes eastward 
through the North-west pass at the rate of 5 to 8 miles an hour; it sweeps through a part of Pebble 
sound, meeting the flood-tide that comes in with equal velocity through Tamar pass, and thus causes 
whirls and eddies in several quarters. The water having attained its height remains quiet only a little 
while, and then ebbs with similar fury. 

Biscoe Islands: From the observations which have been made, it is inferred that the flood and ebb 
streams in moderate weather run eastward and westward for a distance of about 6 miles from the 
outer points of the land, taking the sweep of the bays. 


e 
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86. Northeast Coast of South America, quotations. 


Paranahyba River: The tides run at the rate of 4 or 5 miles an hour in the passage; outside the 
bar the ebb sets to the northward. 

Within 3 or 4 miles of Santa Anna reefs the tidal influence from Rio Preha is felt, the flood sets 
to the south-west and the ebb north-east. It is high water, full and change, at 5h. 45m, rise on the 
reefs 13 feet. 

It is high water, full and change, in San Luiz harbour at the custom-house quay, at 7h. om.; springs 
rise 164 feet, and neaps 103 feet. At the anchorage outside the harbour, the flood sets S.S.W. and 
the ebb N.N.E. 

It is high water, full and change, at Manoel Luiz reef, at 5h.; and the rise is 12 feet. The tide 
runs regularly six hours each way, the flood to the S.W., and the ebb to the N.E., one mile an hour. 

From Maranham to the Para River: The flood tide generally runs S.W. near the coast and W.S.W., 
or more westerly, at some distance from it; it has a mean rate of 24 miles an hour near the land, 
which diminishes as the distance from the coast increases. The ebb tide sets about E.N.E. near the 
coast at the rate of 1? miles an hour. 

From the Para to Cape North: The flood tide, which runs to the S.S.W. near the mouth of the 
Amazon, inclines toward the S.W. and W.S.W. in proportion to the distance from the land; and the 
ebb tide, which sets first N.E., inclines toward the N. and N.W. before it is united with the general cur- 
rent. A difference of 2 or 3 hours in the establishment of two places far from land and only 12 miles 
apart, and a rise of only 64 feet 12 miles from a point, where at the preceding tide 29 feet had been 
observed, are two anomalies in the tides quoted as most remarkable among others less striking, though 
numerous on this coast. 

The Bore or Pororoca is a tidal phenomenon which sometimes occurs in the western branch of 
the Amazon at about spring tides. ; ; 

The bore confines itself to the shallows and affluents, and is not felt in depths over 4 fathoms, 
except by an increase in the velocity of the stream, so that there is no danger to vessels keeping the 
main or deep channels. 

When it makes its appearance, which is at the lowest of the tide, a roaring sound is heard at a 


distance of from 3 to 6 miles; as it approaches the noise increases, and soon a head of water, estimated 


to vary from 5 to 12 feet in height with a breaking face, is seen occupying the whole of the shallow 
water off Maraca island and Araguary river out to about a depth of 4 fathoms. Its velocity is esti- 
mated at from 10 to 15 miles an hour, being strongest and most dangerous in the months of January 
to June, and at the equinoxes, when the wind is north-eastward, and it carries away in its course every- 
thing that is opposed to it. 

It is high water, full and change, at the entrance of Cayenne river at 4h. 37m. At the equinoxes 
the rise is 10 feet, at ordinary springs 7 feet, and at neaps from 4 to § feet. Near the coast the flood 
stream, combined with the current, sets north-westward with a velocity of 2 to 4 knots an hour, varying 
with the seasons, being greatest during the summer months; the ebb stream sets north-eastward with 
a velocity of one knot an hour. 

The flood stream outside the bar of Maroni river sets north-westward; the ebb stream in the 
river has a tendency to set towards Dutch bank. 

Surinam River: In the offing, the flood stream sets to the westward, the ebb to the eastward. 

It is high water, full and change, at the entrance to Berbice river at 4h. 30m.; springs rise 8 to 
10 feet, and neaps 5 to 6 feet. The flood stream in the river sets about S.W. and the ebb North. 

The flood and ebb streams off the mouths of Demerara and Essequibo rivers set S.W. by S. and 
N.E. by N., respectively, and extend to the distance of about 20 miles from the land, or to a depth of 
about 1o fathoms, on the inner edge of the permanent north-westerly current. The flood stream at 
this distance runs with and somewhat increases the strength of the current, whilst the ebb retards it. 

Waini or Guayma River: The flood stream sets south-westward across the entrance, and the ebb 
straight out of the river. 

Orinoco River: The tidal streams for a short distance off the land run about 6 hours each way, 
the flood to the westward. 
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87. Western Coast of South America, quotations. 


Le Maire Strait: It is high water, full and change, in Good Success bay, at 4h. 3m.; springs rise 
6 to 8 feet; it is slack water in Le Maire strait at or near the time of high and low water in Good Success 
bay. In Le Maire strait the flood stream makes to the northward about one hour after low water, 
and the ebb to the southward about the same time after high water, and the strength of the stream is 
from 2 to 4 knots near cape San Diego and from 1 to 3 knots in mid-channel; more or less, according to 
the wind. 

In Barbara channel the flood-stream was found to set to seaward, or to the southward, as was also 
the case in Cockburn channel; but the whole system of tides in this great archipelago requires a careful 
and patient investigation. 

To the northward of cape Virgins the streams set north-west and south-east along the coast; the 
same will be found on the outer edge and outside the Sarmiento bank. The north-west-going stream, 
which runs from 3 hours before to 3 hours after high water at cape Virgins, appears to sweep up the 
eastern shore of Tierra del Fuego to the south end of Sarmiento bank, where it divides, one stream 
running into the strait, while the other continues northward along the outer edge of the bank. In the 
same way the east-going stream is met coming out of the strait, and turned to the southward, by the 
stream sweeping down the coast to the south-east, and across the entrance in the same direction. The 
seaman must not be deceived by this, which makes the west-going stream on the north end of the bank 
appear to run out of the strait, while toward the south end it varies with the time of tide. 

Thus it will be seen that in the vicinity of capes Virgins and Espiritu Santo, it is high water, full 
and change, between 8h. 30m. and gh. A. M., while the west-going stream is still running into the strait 
and to the northward past cape Virgins. The main stream continues running to the westward at full 
and change until near noon, though the water is falling everywhere. About noon the direction of the 
stream changes (there being no appreciable slack water in the channel), and until near 3h. P. M. the 
water continues falling, while the stream of tide is running to the eastward until after 6 o’clock. 

Magellan Strait: It is high water, full and change, in the First narrows at 8h. 57m.; and the 
strength of the stream is from 5 to 8 knots; there is no slack water. The stream changes 3 hours after 
high and low water. 

It is high water, full and change, in Philip bay at gh. 29m.; springs rise 17 feet. The western- 
going stream makes three hours before high water by the shore and runs till three hours after. 

It is high water, full and change, in Laredo bay at 11h.; springs rise 7 feet. When to the south- 
ward of Laredo bay, the tidal streams are scarcely felt; but to the northward they are strong, and must 
be carefully guarded against during the night, or in light winds. 

It is high water, full and change, at port Famine, at noon; springs rise 6 feet, the ebb setting to 
the northward, and the flood to the southward. 

It is high water, full and change, in this part of the strait at th. 40m. The rise in port Tamar is 
6 feet, and a little less in port Churruca. The flood stream sets to the eastward, and may attain a rate 
of 14 knots. 

The flood stream sets to the southward, or to seaward in Cockburn channel, but was not found to 
run with sufficient strength to affect a vessel working through. The rise is 6 or 8 feet at spring tides. 

In Barbara channel the flood stream was found to set to seaward, or to the southward, as was also 
the case in Cockburn channel. 

Guia Narrows: It is high water, full and change, at 12h. om.; springs rise 8 feet. The flood 
stream in the Narrows runs to the eastward, ebb to the westward, at the rate of 24 to 34 knots an hour 
at springs. 

It is high water, full and change, in Brassey pass about noon. At spring tides the streams run 
through the pass 14 knots per hour; flood to the eastward, and ebb to the westward. 

It is high water, full and change, in Alert harbor at 12h. 15m.; springs rise 7 feet. No stream is 
felt. 

It is high water, full and change, in Trinidad channel about noon; springs rise about 6 feet. The 
flood-stream runs to the eastward and the ebb to the westward. 

It is high water, full and change, in Eden harbour, at oh. 15m.; springs rise 6 feet. The flood sets 
S.S.E., the ebb N.N.W. 
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Magellan Strait to Cape Tres Montes: High water on most parts of this coast takes place within 
half an hour on either side of noon, at full and change. The stream is inconsiderable, and the rise and 
fall rarely more than 6. feet. 

Chonos Archipelago: In the channels which have an east and west direction, the flood sets to the 
eastward, and ebb to the westward. In those having a north and south direction the flood generally 
sets to the northward, and ebb to the southward. 

It is high water, full and change, in Chacao narrows at oh. 50m.; springs rise 16 feet, neaps 7 feet. 
The strength of the streams between Huapacho and Dona Sebastiana islet is from 3 to 4 knots, and 
gradually increases in rate until the maximum of 9 knots at springs is attained off Remolinos point. 

In Chacao bay an eddy sets in a contrary direction to the stream in the narrows from 1 to 3 knots; 
the line of separation is that drawn from Tres Cruces point to Remolinos point. 

It is high water, full and change, at port Huite at oh. 55m.; springs rise 20 feet, neaps 13 feet. The 
flood tide off the port sets to the northward, and strongly at springs. 

Chatham Island: At Wreck bay springs rise 8} feet. Across the entrance to the bay the flood 
stream sets N.E. by N. at 14 knots, and the ebb S.W. by S. at 1} knots an hour. 

Pedro Gonzales Island, Gulf of Panama: It is high water, full and change, in Perry bay at 3h. 50m.: 
springs rise 16 feet. The tidal stream is not felt in the anchorage, but there is a considerable set off 
the island, the flood running to the northward, the ebb to the southward, the latter being generally the 
stronger. 

It is high water, full and change, in Panama road at 3h. 50m.; springs rise from 15 to 22 feet, 
neaps from 10 feet to 16 feet. The ebb sets south from one to 14 miles an hour, and is stronger than 
the flood, which runs to the North-west. 


From charts published by the United States Hydrographic Office the following 
velocities of the tidal currents are obtained: Off Cape San Diego, La Marie Strait, 3 to 
4 knots (tide race); off Cape Virgins, 2 knots; First Narrows, Magellan Strait, 5 to 8 
knots; Second Narrows, Magellan Strait, 3 to 6 knots; entrance to Nuevo Gulf, 2 knots; 
east of Valdes Peninsula, 3 knots (overfalls). 

The charts indicate, by the absence of arrows, the probably small velocities of the 
tidal currents along the unbroken coasts against which stationary waves have endings. 


88. Pacific Coast of North America. 


The Gulf of California has a tide wave stationary in the main. Through passages 
formed by the islands in the gulf, the currents are very strong. , Between Tiburon 
Island and the main land the flow 1s hydraulic, with a velocity of perhaps 7 knots. 

Off Point Fermin, San Pedro Bay, California, a few current observations indicate 
that the tidal flow is for the most part along the Californian coast and not perpendicular 
to it. Moreover, the observed current hour for the western stream is V, which about 
agrees with the time of northwesterly current in the stationary oscillation, one of whose 
loops is in the Gulf of Alaska, where the tidal hour is IX (see Fig. 23, Part IV A); 
that is, the flow along the coast is probably much greater than the flow normal to it 
due to the South Pacific system (sec. 75, Part IV A). 

Knowing the time of tide for San Francisco Bay to be about VIII, it follows that 
time of greatest influx must be about V. Observation shows that this inference 1s 
nearly correct. Northeasterly from the city the current is rotary in the counterclockwise 
sense. This agrees with Airy’s rule in such matters; for, observations upon both tides 
and currents prove that the tide wave of the southern branch of the bay is nearly sta- 
tionary, while considerable progression occurs toward San Pablo Bay. Near the mouth 
of Richardson Bay, on the northern side of the strait, the currents are rotary in the 
opposite sense and for a similar reason. Although not based directly upon observation, 
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there are good reasons for believing that beyond the influence of the bay the tidal 
streams must flow about parallel to the coast and here have VI for the hour of max- 
imum flood. 

If San Francisco Bay were only a deep reservoir whose level surface rose and fell 
with the water outside it would be reasonable to expect that for equal ranges of tide 
the diurnal velocities through the Golden Gate would be one-half those of the semidiurnal. 

By comparing the values as K,/K,, O,/O, with M,/M, it will be seen that for 
San Francisco the ratio is even less than half. This indicates that more wave motion 
goes on with reference to the semidiurnal tide than with respect to the diurnal, and 
this would naturally be expected in so limited body of water as San Francisco Bay. 

Off the southeastern extremities of Vancouver Island the current has a. velocity 
of from 3 to 6 knots. 

The currents are strong at the entrance to Burrard Inlet. 

The tidal currents in Seymour Narrows, Discovery Passage, have a velocity of 
from 4 to 8 knots (see Fig. 32, Part IV A). They are chiefly hydraulic, as can be seen 
by substituting the tidal hours and ranges taken from Fig. 32, Part IV A, in Table 60, 
‘and comparing with the observed times of turning. According to Lieut. Commander 
E. K. Moore, U. S. Navy, the slack waters in the Narrows occurs 3° 48™ after Sitka 
high water and 3° 51™ after Sitka low water, in absolute time. The former slack is 
that preceding the north-going stream; the latter, the south-going. 

The same authority gives as the time by which slack water in Sergius Narrows 
precedes the high and low waters at Sitka, 2" oo™ and 1" 41™, respectively. 

That currents are also hydraulic in Sergius Narrows and in Clarence Strait, can be 
seen upon consulting the maps just referred to and substituting the values taken from 
them in Table 60. 

The turning of currents soon after the high and low waters in most of the canals 
of Alaska indicate waves chiefly stationary. 

Through the narrow passes of the Aleutian Islands the currents are hydraulic. 

For further details concerning the tidal currents in Alaskan waters, see Pacific 
Coast Pilot, Alaska, published by the Coast and Geodetic Survey. 


89. New Zealand. 


The tidal streams (Fig. 6) indicate a species of progressive wave traveling entirely 
around this group of islands. As has been explained in Part IV A, the origin of this 
movement is the loop of a stationary wave north of the North Island. The fact that 
a tide wave progresses through Cook Strait in a northwesterly direction from a region 
where the mean range is only 4 feet to a region where it is 8, suggests at once the prob- 
ability of the oscillation in the strait being stationary. 

From Fig. 40, Part IV B, it is seen that the tidal hour and range for the south- 
eastern entrance to Cook Strait, New Zealand, are IV.4 and 4 feet, while the correspond- 
ing quantities for the northwestern entrance are IX.5 and 8 feet. Table 60 gives 
1X.8 for the hour of greatest southeastward downward slope through the strait. This 
increased by 3 hours gives XI1.8 as the ebb (southeasterly) current hour. This value 
agrees fairly with the values given upon B. A. Chart No. 695. This chart shows over- 
falls and heavy tide ripplings in the strait due to the uneven bottom. The flow through 
Tory Channel is probably hydraulic. 
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The following quotations are from the New Zealand Pilot (1901): 


90. Coasts of New Zealand, quotations. 


On the eastern coast of North island the flood stream runs to the northward, and the ebb to the 
southward, at the rate of about one knot per hour; but in Hauraki gulf they take a contrary direction, 
the flood running south and the ebb north. The body of the flood stream, entering from the southward 
between cape Barrier and cape Colville, separates about False head on the west side of Great Barrier 
island, and sweeps round to the southward, filling the Thames and Waitemata rivers through the different 
channels leading to Auckland. The ebbtide runs from one to 14 knots to the southeast between Great 
Barrier island and cape Colville, but inshore much stronger. The range of tide in Hauraki gulf is from 
4 to 10 feet. 

In Whangaparaoa passage the tides run from one to 2 knots; in Waiheke channel, half a knot; but 
from 2 to 3 knots in the adjoining narrow channels. 

It is high water, full and change, at Long point at 6h. om.; springs rise 5 feet; neaps 4 feet. The 
tides in Hawke’s bay are slack in the bay, but strong in the river mouths. The flood sets inward to 
the northward, and the ebb to the southward. 

It is high water, full and change, at port Napier at 6h. 15m.; rise, 3 to 4 feet. The flood stream 
runs in 14 hours after high water, and at the time of slack has fallen from 14 to 2 feet; similarly with the: 
ebb, the water begins to rise 14 hours before the outward stream ceases. 

In the narrow part of the channel the ebb runs 6 to 7 knots, and from the entrance sets north- 
eastward. In the bay the flood comes in from south-eastward, and the ebb runs out northeastward. 

It is high water, full and cMange, in Lambton harbor, port Nicholson, at 4h. 17m., springs rise 3} 
feet, neaps 3} feet; the strength of tide in the Narrows at the entrance of the port, is from half a knot to 
2 knots, but within it is much less. 

The flood stream outside the entrance sets to the northward, and the ebb to the southward; each 
tide runs about six hours. 

It is high water by the shore at the southern entrance of Cook strait at 6h. om.; but the flood or 
northerly stream commences at 3h. om., or three hours before, and runs until three hours after high 
water by the shore. 

The narrowest part of Cook strait is formed by cape Terawhiti and Wellington head, the latter 
bearing from the former N. 80° W. 12 miles. It is high water, in the center of the strait here, on full and 
change days at 8h. om.; the flood or northerly stream commences at 4h. om. and runs until roh. om., 
the strength of the tide varying from one to 34 knots. 

Heavy tide ripplings are experienced in the central part of the strait between these two heads, 
where there is uneven bottom, the depths varying from 80 to 122 fathoms sand. Tide ripplings also 
extend off cape Terawhiti 2 miles, and for nearly 3 miles off Karori rock; eastward of Sinclair head 
these ripplings cease. 

Wanganui Heads: Off the adjacent coast the flood runs to the northward, and the ebb to the south- 
ward, from 1 to, 2 knots. 

Between Wanganui and cape Egmont the flood tide sets to the westward, and the ebb to the east- 
ward, at a rate of from one to 2 knots per hour. 

It is high water, full and change, at New Plymouth at gh. 30m.; springs rise 12 feet, and neaps 9 
feet. The flood sets to the westward, the ebb to the eastward about one knot. 

It is high water, full and change, at the east entrance of Tory channel at 8h. 15m.; springs rise 8 
feet and neaps 6 feet. At the eastern entrance to the channel the tidal streams run 5 to 7 knots, opposite 
Jackson bay 2 to 4 knots, and in the rest of the channel one to 3 knots. 

The flood stream begins to run at 13h. after low water by the shore, and continues for sh. 35m.; 
the ebb stream begins at 14h. after high water, and runs 6h. 25m. 

Off Stephens island it is high water at 8h. om.; the flood or north-westerly stream begins 3} hours 
after low water; and the ebb or south-easterly 3} hours after high water. 

French Pass: It is high water, full and change, at 1oh. om.; the rise is 5 to 12 feet. The tide streams 
in French pass run 5 to 7 knots, and instead of setting directly through the narrow channel, set across 
more in a line from Rock Cod point to Channel point, and the contrary, and a tidal irregularity which 
though not of rare occurrence is especially remarkable in this pass, viz., that the ebb stream running to 
the eastward commences at 2 hours before high water by the shore, the tide at the same time rising in 
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Current basin and French pass; the extraordinary nature of the bottom, in connection with the narrow- 
ness of the channel, is quite sufficient to account for the whirling of the current, the depth varying from 
7 to 53 fathoms, without reference to the distance from the shore or rocks. 

Kaipara Harbor: The tides outside the harbor follow the direction of the coast, the flood running 
south and the ebb north. 

Manukau Harbor: Tidal streams above Puponga, both in the Wairopa and Waiuku channels, 
average 24 knotsat springs. Inthe narrow part of the channel off Paratutai they run 4 knots, and on the 
bar outside from one to 2 knots; on the outer coast the flood sets to the south and the ebb to the north. 

It is high water, full and change, on the bar of Whaingaroa harbor at gh. 50m.; springs rise 12 feet, 
neaps 9 feet. 

The strength of the tides between the heads is from 4 to 6 knots; a mile above, from 24 to 3 knots; 
and at the anchorage off Matakokako point from 14 to 2 knots. 

Newhaven Harbor: It is high water, full and change, at 2h. 30m.; springs rise 7 feet, neaps 54 feet, 
strength of tide 2 to 3 knots, both ebb and flood. The flood stream runs in for 50 minutes after high 
water. 

The flood tide sets through Foveaux strait from west to east, and is strongest between Bluff harbour 
and Ruapuke island; its influence is felt as far as Long point, 45 miles eastward of that island. 
Between Ruaptuke and Stewart island it sets to the south-eastward, running parallel with the shores 
of the latter. The ebb takes an exactly contrary direction. 

It is high water, full and change, in the western entrance of Foveaux strait, that is, between the 
north point of Stewart island and Pahia point, at 12h. 15m.; the flood stream commencing from half 
an hour to 2 hours after low water, according to the winds, being earlier with those from the westward. 

Both the ebb and flood streams run for 6 hours. At the eastern entrance of the strait, it is high 
water at th. om.; the flood stream commencing at 1oh. om., or 3 hours after low water. 

Along the northeast side of Stewart island the flood or south-easterly stream runs one hour and 20 
minutes after it is high water at port William, or until 2h. om., on fall and change days. The strength 
of the tide varies from one half to 24 knots; in the narrow part of the strait, between Ruapuke and the 
Bluff, it is 3 knots. 

The flood tide coming from southward strikes the south end of Stewart island and divides, one part 
running northward along its western side, and then eastward through Foveaux strait; the other runs 
north-east along the south-east side of the island, as far as port Adventure, where the streams meet again 
and flow eastward. 

The strength of the tides off the coast is from one half to 14 knots, except in the narrow passages. 

Chatham Island: Tidal streams are felt over an area of from 10 to 15 miles from the islands. The 
flood splits at the south point and runs north along the east and west sides, to join again at the north 
end; similarly the ebb divides at the north and rejoins off the south end. A single tide has been known 
to take a sailing vessel from off the southeast point of Chatham island into the vicinity of The Sisters. 

Auckland Islands: The tide-rips off the north point of Enderby island extend a long way to the 
north-east, at times to a distance of 12 miles, and to a stranger have a most alarming appearance. The 
flood sets MOrth=nOren-cast and the ebb to the southward. . 


g1. Coasts ae Australia. 


The tidal currents along the eastern coast of Australia are, as a rule, not strong. 
Those within the Great Barrier Reef seem, from the nature of the case, to be of no great 
importance in connection with the general problem of ocean tides; but any observed 
facts relating to the outer edge of the reef, or to the outlying islands must be of value. 
These indicate that the tides of the Coral Sea belong to a dependent wave nearly station- 
ary in character. 

Through Torres Strait the tidal streams are considerable. 

Near the head of the Gulf of Carpentaria the semidaily tide nearly disappears. 

The easterly and southeasterly direction of the tidal streams northwest of Australia 
indicate the stationary character of the tide. In the comparatively shallow waters 
bordering this coast, the currents sometimes have a rotary character. | 
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There is probably little current along the western coast of Australia between Hout- 
mann Rocks and Geographe Bay. 

The current is probably small in the Great Bight. 

Near the heads of Spencer Gulf and of the Gulf of St. Vincent the currents are 
weak and irregular, as is usually the case at the end of a stationary dependent wave. 

On the southwestern coast of Tasmania the streams are weak, indicating a partial 
end boundary of the oceanic stationary oscillation from the southwest. 

In the western end of Bass Strait the currents are strong (see Fig. 34, Part IV A). 

The following quotations are taken from the Australian Directory, Vols. I (1897), 
II (1898), and III (1895): 


92. Coasts of Australva, quotations. 


It is high water at St. Paul island, full and change, at 11h. om., springs rise 3 feet. 

At the outer anchorage in 30 fathoms, with Ninepin rock bearing W.N.W., distant 8 cables, the 
stream sets N.W. from low water to 2 hours ebb on the shore, or for 8 hours; and sets S.E. from 2 hours 
ebb until low water. 

Cape Arid: The tides are very weak and inconsiderable in this neighborhood, and are much influ- 
enced by the wind. . 

Coffin Bay: At the bar the streams make an hour after low and high water, respectively. 

It is high water, full and change, in Boston bay at 1h. 50m.; springs rise 6 feet. There is very little 
tidal stream in any part of port Lincoln. At 2 or 3 miles off the coast outside, the stream sets to the 
northward during the rising tide, and to the southward during the falling tide, its greatest strength 
being from 14 to 2 knots an hour. 

Spencer Gulf: It is high water, full and change, at the entrance to Franklin harbour at 4h.om.; 
springs rise 5 feet 6 inches. The streams begin a few minutes after high and low water respectively. 

It is high water, full and change, in port Victoria, at 2h. 40m.; springs rise 5 feet. The tidal 
streams set North and South; about 1} knots to the northward during the rising tide. 

The stream sets N.N.E. during the rising tide, and S.S. W. during the falling tide, at the rate of 2 kriots 
‘an hour over Tipara reef; outside it the streams set more North and South. 

The stream divides off cape Spencer during the rising tide, one branch setting along shore, E.N.E., 
and the other to the north-westward and northward. 

The tides in the northern part of Spencer gulf are very irregular. 

Investigator Strait: During the rising tide the stream sets N.N.E. 14 miles an hour into Foul bay; 
and during the falling tide it sets S.W. | 

Kangaroo Island: The north-going tidal stream runs during the rising, and the south-going during 
the falling tide. 

It is high water, full and change, in port Wakefield, at 4h. 40om.; springs rise 11 feet; neaps 5 to 6 

feet. 
On the bar at the sea mouth of the Murray river high tide occurs in the night or morning from 
September to March; and from March to September in the day or afternoon. Also the time of high 
water only varies 2 hours from the time observed on full and change days (oh. 50m.), ranging from 11h. 
when the moon’s age is 10 or 26 days; to 3h. when the moon’s age is 20 or 7 days. 

In the Murray mouth the ebb tidal stream runs strongest at low water, the ordinary rate then being 
3 knots on the surface in the deep part, and 4 knots on the bar. 

There is no tidal stream in Lacepede bay. 

It is high water, full and change, at all places on this coast at nearly the same time, namely, 
Portland bay, oh. 30m.; port Fairy, oh. 31m.; Warrnambool, oh. 37m.; New Year islands (King 
island), oh. 48m.; Surprise bay (south part of King island), oh. 43m.; Sea Elephant bay (King 
island), oh. 50m.; springs rise 3 feet. 

The tides and tidal streams are much affected by the winds and are uncertain. 

It is high water, full and change, at New Year islands at oh. 48m.; springs rise 3 f€et. The stream 
turns, in fine weather, at high or low water, but is greatly affected by prevailing winds. 
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It is high water, full and change, in Sea Elephant bay at oh. 50m.; springs rise 3 feet. The 
flood stream runs to the northward and the ebb to the southward, at springs 14 knots. 

Port Phillip: The streams turn from 2 to 3 hours after high and low water on the shore. 

The in-going stream comes from the southward and eastward, increases in strength as it nears 
the heads, sets right into the entrance, across and through the reefs, with great force, and spreads 
toward Shortland bluff and point King. 

Between the heads the stream runs from 5 to 7 knots; in the West and South channels between 
2 and 3 knots; and about 14 knots in the broad space above the channels. 

At the eastern part of the fairway of Bass strait, the flood stream sets to the southwest and the 
ebb to the northeast. . 

Kent Group: The flood stream comes from the N.E., the ebb from the S.W. In fine weather it is 
slack water at the time of high and low water. 

At the eastern entrance of Franklin sound the flood streams meet, one coming from the N.N.E. 
and the other from S.E. The flood stream sets to the westward through Franklin sound, and from 
thence about W.N.W. on the north side, and W.S.W. on the south side of Chappell islands; and the ebb 
in the contrary direction. In the north channel the streams run 2 to 24 knots. 

Banks Strait: The flood stream is the west-going stream, and the ebb the east-going; the streams 
are each of 6} hours duration at springs; but during neaps the flood runs 7 hours and the ebb 54 hours. 
The interval of slack water never exceeds a quarter of an hour; the west-going stream begins 30 min- 
utes after low water at springs, and 50 minutes after it at neaps; the east-going stream begins 40 min- 
utes after high water at springs, and 10 minutes before it at neaps. 

In the narrowest part of the strait (84 miles wide) between Swan isles and Clarke island, the 
tidal streams run at the rate of 3 knots at springs; westerly winds accelerate the east-going stream, 
which occasionally attains a rate of 5 to 6 knots. 

The tidal streams are strong at port Frederick, attaining a rate of 5 to 6 knots an hour both 
with the flood and ebb. 

Outside the port, the flood is the west-going stream; it is not felt beyond 5 miles from the coast. 

Tidal streams set through midchannet between King island and Hunter group from one to 3 knots 
the flood to the north-east, and the ebb to the south-west. 

It is high water, full and change, at cape Grim at 1oh. 30m.; springs rise 8 feet; the south-west- 
going stream has a rate at springs of 5 knots, and at neaps of 3 knots. 

Macquarie Harbor: There is little or no tidal stream in Pine cove, and the rise and fall does not 
usually exceed 14 feet. : 

The tidal streams are weak and practically imperceptible, but after a heavy gale from the south- 
west a distinct set was felt into Frederick Henry bay, and in Flinders channel toward Norfolk bay. 

In the Lachlan channels the flood stream runs to the north, the ebb to the south. 

Swain Reefs: In the offing, 20 miles eastward from Hixson cay, the ebb sets East three-quarters 
of a knot, and the flood West one knot, the stream turning later than low water, and earlier than high 
water, on the reef. 

At Claremont light-vessel the streams set, generally, to the south-westward during the rising tide 
and to the northward with the falling tide. 

North of cape Sidmouth the flood runs to the northward, and the ebb to the southward. 

It is high water, full and change, at Hannibal islands, at gh. 50m. springs rise 10 to 12 feet, 
neaps g to 10 feet; neap range 6 feet. The flood stream sets north and the ebb south, but the result 
during the strength of the south-east trade or north-west monsoon, is generally to increase or diminish 
the prevailing current. The flood begins 4 or 5 hours before high water, and the ebb one to 2 hours after 
high water. 

Tern Island: The tidal streams generally run parallel to the coast, flood to the northward, ebb 
to the southward. 

It is high water, full and change, at Frederick point at 11h. om.; mean springs rise 10 feet, mean 
neaps rise 84 feet, and neaps range 64 feet. The diurnal inequality, amounting at times to 4 feet, 
chiefly affects the high waters. 

The streams are rapid in Albany pass, attaining at springs a velocity of 5 knots an hour, and 
cause a confused sea when running in an opposite direction to the wind. 
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Off Fly point there is always a very heavy tide rip, dangerous to boats, on the flood at springs, 
caused by the stream from Newcastle bay meeting the stream on the east side of Ulfra rock. 

The north-going stream runs until about 2 hours after high water by the shore, and the south- 
going stream until about 14 hours after low water. 

In Adolphus channel the flood stream sets north-westward and ebb south-eastward, both attaining 
a velocity of from 2 to 4 knots at springs. 

The channel is covered with ripplings and swirls when the streams are at their strength, giving 
the appearance of shoal water, but Mid and Quetta rocks were the only dangers found. 

The flood sets westward past Mount Adolphus islands, and meeting the stream through Adolphus 
channel causes heavy overfalls off the salient points. The streams attain great velocity at springs 
among the islands of the group. 

Off Albany rock there is a heavy confused sea when the streams run strong. 

‘It is high water, full and change, at Raine island at 8h. 10m., and the flood runs an hour and 
three-quarters later in the stream; springs rise 10 feet. The strength of the stream sometimes 
exceeds 2 knots, the flood coming from the eastward. 

It is high water, full and change, at Possession island at rh.; the rise at springs being 94 feet; 
the flood sets 7 hours S. 22° W., and the ebb 5 hours N. 22° E. 

In Normanby sound and Thursday island harbour the flood stream sets to the westward, and the 
ebb to the eastward, the flood being strongest during the south-east trade. 

In Normanby sound the streams run 3 to 5 knots in the direction of the channel. Between 
Vivien point and Prince of Wales island, both streams at times run 7 knots, but are less felt when 
Vivien point bears westward of N. 45° W. 

On the north side of Thursday island harbour, the flood to the westward is from one to 3 knots, but 
with the ebb there is slack water. On the south side of the harbor the flood runs 2 to 4 knots, and the 
ebb along the edge of Madge reefs will sometimes reach 4.to 5 knots. The tide sets over Hovell rock 
. with considerable strength. 

In Flinders passage the tides run 3 to 5 knots, and cause overfalls between Horn island and 
Tuesday islets. | 

It is high. water, full and change at Murray islands at 9h. 30m.; springs rise 10 feet. Close north- 
ward of the islands, the flood sets to the westward, and the ebb to the eastward, about 2 knots at 
springs. Between Maér and the two islets the tidal streams run with great force. 

In the neighbourhood of Bramble cay, and in the south part of Bligh entrance, the flood runs in 
a westerly and the ebb in an easterly direction, 14 knots at springs; the flood runs 2 hours after high 
water. ‘The neap tides are comparatively little, both in range and velocity. 

The time of high water, full and change, does not appear to differ more than 14 hours throughout 
the whole length of the Great Barrier reefs, the average time of high water being at about gh. 15m., 
and the rise of.tide from 6 to 12 feet. 

At Swain reefs the general direction of the flood through the reefs was found to be south-west, 
and the ebb to the north-eastward, the velocity between springs and neaps being from 14 to 2 knots; 
but the stream appeared to run with greater strength through the more confined channels. 

Between Swain reefs and Lizard island the flood appeared to run in, and the ebb out, through 
the openings of the reefs, with a strength depending in great measure upon the breadth of the passage. 

From Lizard island to lat. 12° 30’ or 13° S., the strength of the stream being confined to the open- 
ings, the velocity is increased or diminished according to the width of the channel. _ 

From lat. 12° 30’ S. to Pandora entrance, in lat. 11° 26’ S., the velocity at springs increases to 
24 and 3 knots, with a regular ebb and flow, except that the flood appeared to continue half an hour 
longer than the ebb. | 

At Raine island it is high water at 8h. 10m., the rise being 10 feet at springs; and it is in this 
vicinity that the strength of the stream increases materially. The flood rushes in through the smaller 
channels with great velocity; and a well-found merchant vessel, under full sail with a fair wind, has 
been barely able to effect an entrance against the strength of the ebb near Stead passage (in lat. 11° 
55’ 9.). The neap tides are comparatively weak; a reference to the phases of the moon therefore 
becomes a question of importance when navigating near this part of the Great Barrier reefs. 
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From Pandora entrance (in lat. 11° 26’ S.) to the north-west extremity of the reefs, the sea being 
more confined between the coasts of Australia and New Guinea, the streams run with still greater 
velocity than further southward, the flood having been known to run 5 knots through Yule entrance 
(in lat. 10° 23’ S.). Such a stream alone should deter a sailing-vessel from attempting to effect an 
entrance through any of the narrow gaps in this part of the barrier; but the strength of the stream 
diminishes very considerably as the distance from the reef is increased. 

Gulf of Carpentaria: It was high water at the entrance of Van Diemen inlet, full and change, 
at 6h. 45m.; but in the upper part, the tides were 3} hours later. The duration of both tidal streams 
was 12 hours, and the direction of the rising stream from the northward, following the trend of the 
eastern shore of the gulf. 

It is high water, full and change, at Norman river, at 7h. 30m. p. m. in January, and at 7h. 
3om.a.m. in July,and are two hours earlier each successive month. There is only one tide in 24 hours. 

Burketown: The rise and fall at springs is from 9 to 13 feet, and at neaps from 3 to 8 feet—the 
ebb running to the north-west, the flood to the south-south-east. 

It is high water in Investigator road, full and change, at 8h. a. m.; springs rise 9 feet, but the 
neaps are very irregular. | | 

The stream of rising tide sets to the southward, and the falling tide to the northward, from one to 2 
knots at springs. The north-going stream makes from 14 to 24 hours before high water. 

It is high water at Bountiful isles, full and change, at 7h. 45m.; the stream of rising tide sets 
south-westward at the rate of 2 knots. 

Tidal streams run at times at the rate of 4 knots through Brown strait; that of the rising tide 
sets to the southward. 

It is high water, full and change, at the Goulburn islands, at 6h., springs rise 6 feet; in the chan- 
nels, the stream of rising tide sets to the eastward. 

It is high water, full and change, in port Cockburn, at 5h. 45m.; springs rise about 14 feet. The 
streams run with a velocity of 2 to 4 knots in Apsley strait; the flood comes from the northward. 

Baudin Island: The stream of rising tide sets to the south and west and begins about 20 minutes 
before low water. The stream of falling tide runs to the north and east, and begins to set 2 hours 
before high water. 

It is high water, full and change, at the Montgomery isles, at noon; springs rise 36 feet; the flood 
Stream sets to the southward, at the rate of 2 to 34 knots near the shore, and in the approach to 
Doubtful bay. 

The streams run with a velocity of 7 to 8 knots through Sunday strait and the narrow channels 
in the entrance of King sound, and in the very narrow portions possibly stronger. In the fairway of 
the sound its rate is about 5 knots; near the western shore from 6 to 7 knots; and abreast Torment 
point approach to Fitz-Roy river from 3 to 4 knots. Two of the boats of H. M. S. Beagle were nearly 
swamped in the entrance of Fitz Roy river, by the flood rushing in as a tidal bore; several feet in 
height. 

King Sound: It is high water, full and change, in port Usborne, at 1h. 45m.; springs rise 34 feet. 
The tidal stream is scarcely felt. 

Ashmore Reef: It is high water, full and change, at West islet between 1roh. and 11h.; rise of tide 
15 feet. The flood stream sets eastward and the ebb westward. 

Browse Islet: At Browse islet, springs rise from 13 to 19 feet; neaps range about 4 feet. The 
tidal streams run strong. The stream of rising tide sets to the eastward and the falling tide to the 
westward. 

It is high water, full and change, at Sandy islet, Scott reef, at about 11h., rise of tide 13 feet; the 
Stream of rising tide sets to the eastward. 

It is high water, full and change, at the Lacepede islands, at about noon; springs rise 20 feet. The 
stream of rising tide at the anchorage sets south-east ward, and of the falling tide north-westward. Inshore 
of the Lacepedes the streams set at the rate of from 2 to 3 knots an hour at springs. 

Eighty Miles Beach: It is high water, full and change, at the northern Turtle isle, at 11h.; springs 
rise 28 feet. The stream of rising tide sets south-eastward at the rate of one to 2 knots. 

Bedout Island: The stream of rising tide sets to the south-eastward, and of falling tide to the 
north-westward, rate one to 2 knots. The rise and fall is about 14 feet. 
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It is high water, full and change, at Depuch isle, at 1oh. 40m.; springs rise 14 feet. At the 
anchorage the flood sets S. E. by E., and the ebb N.W. by W. from one to 2 knots. 

It is high water, full and change, at port Robinson at 11h. 15m.; springs rise 19 feet. The tidal 
streams are not strong. 

It is high water, full and change, in Gascoyne road, at about 1oh. Springs rise 5 feet, neaps are 
irregular. | 

The stream of rising tide sets from East to S.E. and the falling tide N.W.; rate from one to 2 knots. - 

It is high water, full and change, in Champion bay at gh.; springs rise 1}? feet, and neaps 1} feet. 

It is high water, full and change, in Warnbro sound at gh.; springs rise 2 feet and neaps 14 feet; 
they are, however, very irregular, being greatly influenced by the prevailing wind. 


93. Eastern Coast of Asta, and the East Indies. 


The tidal currents along the eastern coast of Asia resemble in some respects those 
found along the coasts of Great Britain, France, Spain, and Portugal, or those along the 
northeastern coast of Brazil. Their variety is, however, greater owing to the presence 
of considerable diurnal tide or inequality in the China Sea and neighboring waters. 
Along this coast of Asia there are arms and belts of shallow water in which the tidal 
currents are in part rotary; there are several large tidal estuaries; the Bore of the 
Tsien-tang at Hang Chau is far famed; and in most of the rivers the duration of rise is 

much less than the duration of fall. 
| It will be noticed, from the statements quoted below, that the streams enter Formosa 
Strait from both ends; that there is a great crowding up of the cotidal lines near Wei-hai- 
wei; that there are strong currents southwest of Kiusiu; and that for the southeastern 
coast of Japan the flood sets southwesterly, as toward a loop of a stationary wave. 
Strong currents occur in the passages leading to the Inland Sea. 

The following are a few quotations taken from the China Sea Directory, Vol. I 
(1896), Vol. II (1906), Vol. III (1904), Vol. IV (1894), and Eastern Archipelago, I (1890). 

In regard to the tidal currents around the islands of the Pacific Ocean, it may be 
said that the information is very meager. Such as exists may be gathered from the 
sailing directions for the Pacific Islands Vols. I-III. A good portion of this matter, 
taken chiefly from Admiralty charts, is shown on the chart covering this ocean, (Fig. 6). 

The same chart shows a portion of the currents around the East Indies. On account 
of the large diurnal wave, the arrows in this region are not always reliable. More 
detailed matter of a few localities will be found in Van der Stok’s book entitled Wind 
and Weather, Currents, Tides and Tidal Streams in the East Indian Archipelago (1897). 

Tidal currents for the Philippines are shown upon chart No. 1898, of the Hydro- 
graphic Office, United States Navy. One portion of the flood enters through the Sulu 
Archipelago... All along the northeastern and northwestern coasts of Borneo the flood 
stream probably progresses westward (Cf. Figs. 36,37, Part IV B). Another branch 
passes through Balintang Channel and continues southward as far as Panay Island. 
Another branch enters through San Bernardino Strait. 

Through San Juanico Strait the currents are hydraulic and strong. 

As some account of the bearing of the tidal streams of the southern coast of Asia 
upon the tides has been given in sections 80, 81, Part IV A, and section 30, Part IV B, 
little will be done here except to refer to Bay of Bengal Pilot, Red Sea and Gulf of Aden 
Pilot, and Islands of the Southern Indian Ocean. 
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It will be seen from Fig. 5 that the tidal streams in the upper portions of the Arabian 
Sea and Bay of Bengal are nearly.normal to the coast line. The flood arrow at the 
mouth of the Gulf of Suez pointing southerly on Fig. 5 instead of northerly is in accord- 
ance with the explanation of the tides of this gulf given in Parts IV Aand IV B. The 
Bay of Bengal Pilot (1901) says— 


Within a few miles of the Nicobars the flood tidal stream generally sets north-eastward and the 
ebb stream south-westward; the streams attain in the channels between the islands a rate of 3 to 4 
knots. 


This indicates that here the streams are strong, as if in the Vay of a nodal 
line (see Fig. 23, Part IV A). 


94. Eastern Coast of Asia, quotations. 


Malacca Strait: It is high water, full and change, at Arang Arang, at 7h. approx.; springs 
rise 10 feet. In the harbour, the flood stream sets to the eastward and the ebb to the westward; but 
seaward of the 5-fathom bank, the streams set across the channel; the flood setting south-eastward 
from 3} hours before until 24 hours after high water by the shore, and the ebb north-westward. 

It is high water, full and change, in Malacca road at 7h. 30m.; springs rise 11 feet, neaps 84 feet. 

The tidal streams set S. E. by E. at the rate of 24 knots from 3 hours before to 3 hours after high 
water at One fathom bank. 

It is high water, full and change, at Raffles lighthouse, at 11h., but the stream does not set to 
the eastward till two hours later, and it is then about half ebb by the shore. 

The tidal streams from Malacca strait and from the China sea meet between Tree island and 
Tanjong Bulus, but no dependence can be placed upon them. 

The tidal streams in Salat Sinki run with considerable strength, the oe to the westward and the 
ebb to the eastward. 

In Sunda strait, it is high water, full and change, during the north-west monsoon, at 6h.; springs 
rise 3 feet. The flood sets north-eastward and the ebb south-westward with a rate at springs of 34 
knots, but it should be observed that the tidal streams are much influenced by the prevailing winds 
outside the strait, so that as a consequence the set of the stream is mainly south-westward during the 
greater part of the year. 

The tidal streams in Banka strait are strong but irregular, and are greatly influenced by the mon- 
soons. The flood stream enters the strait at both ends, meeting near the Nangka islands. 

Northwest coast of Borneo (lat., 5° 3’ N.; long., 115° 12’ E.). The flood stream on the Outer bar 
sets in 1} hours after low water, and the ebb stream runs out about 1} hours after high water, the 
rate at springs being from 2 to 3 knots. Toseaward of the bar, the direction of the tidal streams has 
not been determined. Between the bar and Sapo point, the flood generally sets to the south-west; 
the ebb to the north-east. 

Balabac Strait: The flood stream sets to the eastward and the ebb ” the westward. The strength 
of the stream or of the current depends greatly on the prevailing winds. The greatest velocity observed 
was 24 knots. 

It is high water, full and change, at Bangkok river bar at 7h. 40om., but this is subject to a large 
correction, the greater part of which varies with the moon’s declination. 

Outside the bar and near the anchorage the flood sets to the westward, and the ebb to the eastward, 
altering its direction according to the strength of the river stream. Along the eastern shore of the 
gulf toward cape Liant the ebb sets to the southward and flood to the northward. 

Tong-King Gulf: It is high water, full and change, at Fai Tsi Long archipelago at about 5 hours. 

The tidal streams among the islands attain a rate of 2 knots an hour in places where confined; in 
the offing the streams run from one to 14 knots an hour; the flood coming from the south-west, and the 
ebb from the north-east; off Kebao the streams run nearly tide and half tide. 

Hainan Strait: In North channel the flood sets S.W. by W. from one to 3 knots an hour, and the 
ebb N.E. by E. from one to 34 knots. | 
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In Middle channel, at the position charted (12 miles N.E. by E. } E. of Hainan point), the 
flood sets N.N.W. from 14 to 3 knots, and the ebb N.E. by E. one to 3 knots. (This is probably for only 
a portion of the time of flood and ebb.) 


On full and change days in summer the E. set commences at 3 p. m. 


«6 64 a6¢ 66 6é 4 «6 66 W. 6 66 «6 II p. m. 
‘6 “6 66 6 66 a6 winter «sé E. _ b6 66 ae 3 a.m. 
a6 «6 «sé 64 a¢ cs ae a6 W. 66 é< 6eé Il a. m. 


and occurs about one hour later every day. 


It is high water, full and change, at West or Fort point, Nau chau, at 1oh. 20m.; springs rise 12} 
feet, neaps 8 feet. 

At Nau chau the stream runs 24 knots at springs, changing about one hour after high and low water, 
the flood setting to the southward, and the ebb to the northward. 

It is high water, full and change, at Breaker point at 1oh. om. approximately; springs rise 8 feet. 

From January to May, between Hongkong and Breaker point, the ebb tidal stream ran eastward, 
but generally speaking it was weak. Eastward of Breaker point the flood stream sets eastward. 

Port Swatau: The flood stream is said to continue for one to 14 hours after high water on the bar. 

Namoa Island: The flood stream comes in both northward and southward of the island. 

The ebb tidal stream off Jokako point has been observed to set south-westward 44 knots in one tide. 

Amoy: In the Inner harbour the duration of the flood tide is about 7} hours, and of the ebb 5} hours. 
The rate of the ebb stream during the first three hours is 4 to 5 knots at springs, and during its latter part 
2 to 3 knots; the average rate of the flood stream is 2 to 3 knots at springs. The flood stream runs 
from three-quarters of an hour before low water to a quarter of an hour after high water. 

Kwing Bay: In March, off Tau point, the flood stream sets south-westward and the ebb north-east- 
ward, 2 to 24 knots an hour. 

The flood stream enters Hai tan strait by both the northern and southern entrances; these streams 
meet between Rocky and Middle islands, in which vicinity, and more especially between Hill and Middle 
islands, there are, with strong winds, heavy overfalls, dangerous for boats. 

Pescadores Islands: Off the Rover group, the north-going or flood stream makes at 4 hours after 
high water, and the south-going or ebb stream at 2 hours before high water. The rate of the north-going 
stream in Shogun suid6 sometimes exceeds 4 knots during the strength of the south-west monsoon, while 
the south-going stream rarely reaches 3 knots, but these rates may be reversed during the north-east 
monsoon. 

At about 3 miles off the coast, in the vicinity of Tamsui harbour, the ebb tidal stream sets north- 
eastward at 2} to 3 knots an hour. This stream runs round the northern end of Formosa, and causes 
a turbulent ripple off Syau ki and Foki kaku. The flood stream runs south-westward at 2 knots an hour. 

Chusan Archipelago: The tidal streams around and between the islands are very rapid, sometimes 
attaining a rate of 7 and 8 knots; and the tide ripplings are numerous and dangerous for boats when 
there is much wind. Asa rule, the sea does not run high, but the day before the approach of a typhoon, 
and during its continuance, a heavy swell rolls in upon the rock-bound coast. The direction of the tidal 
streams eastward of Chang tau is rotary, turning with the handsof a watch; but in the straits between 
the islands, in the mouth of Hangchau bay, and close to the land, it follows the conformation of the 
coast. Clear of local influences, the following is a broad guide: 

The first half of the flood runs in directions from South to West; the last half from West to North. 

The first half of the ebb runs from North to East, the last half from East to South. 

Usually, as the moon crosses the meridian, the bore passes Haining, where it is nearly a straight 
line across the river, 9 cables wide, 8 to 11 feet high, and traveling 12 to 13 knots an hour; its front 
being a uniform sloping cagcade of bubbling foam, falling forward and pounding on itself and on the 
river before it at an angle of between 40° and 70°. The highest and steepest part is over the deep 
channel of the river. 

A quarter of an hour after the bore has passed Haining, the water has risen 13 feet; at 2h. om. 
it has risen 18 feet; it is high water at 3h. om. when the tide has reached a height of 19 feet, and the 
stream at once commences to run out swiftly. At 5h. om. it is at the mean level; at 8h. om. it is nearly 
low water. The out-going stream, however, continues to run rapidly eastward until the arrival of the 
next bore. The water is at its lowest for the 2 hours preceding the bore. | 
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It is high water at Hangchau fu about the same time as at Haining, but the rise and fall does not 
exceed 6 or 7 feet. | 

At Haining the flood lasts for 3 hours; the ebb for 9 hours. At Hangchau fu the flood continues 
for 1} hours, and is nearly all in the bore. 

The tidal streams off the mouth of the Yangtse kiang are rotary and turn in a direction with the 
hands of a watch; the first half of the flood runs in directions from South to West, the last half from 
West to North; the first half of the ebb runs in directions from North to East, the last half from East to 
South. 

The rate of the stream varies with the age of the moon between one and 4 knots an hour. 

The streams on the south-eastern coast of Shantung, eastward to Staunton island, appear to follow 
the general direction of the coast, the flood stream setting west-south-westward, and the ebb east- 
north-eastward, at an average rate of 14 knots an hour. ; 

The times of the high water at various parts of the promontory, from Tsing hai bay to Wei hai wei, 
alter considerably at short intervals of distance, whilst the tidal streams change almost simultaneously 
at short intervals of distance. 

Pe Chili Strait: In Charybdis harbour it is high water, full and change, at 10h. 30m.; springs rise 
9g feet. The tidal stream sets northward in Hope sound and Charybdis harbour during the flood, and 
southward during the ebb. For some distance eastward of Miau tau strait the flood stream sets west- 
ward, and the ebb eastward; but within the strait, a few miles westward of Teng chau, the flood sets 
eastward and the ebb westward. 

Northward of the Li tsin ho, the flood sets north-westward along the shore, and the ebb south- 
eastward, turning, but not regularly, at high and low water. At Lan mun sha banks, near the shore, 
the flood sets southward and the ebb northward. 

Liantung Gulf (Sand Point): The flood stream sets northward along the shore, the ebb south- 
eastward; the streams turn earlier near the shore than in the offing. 

On the east coasts of Kamchatka, Yezo, and Nipon the tidal streams are weak, and no exact 
observations are available; probably the streams set to the southward with a rising tide, and to the 
northward with a falling tide. Along the south coast of Japan, the flood stream sets to the westward 
and the ebb to the eastward. 

The flood sets northward up the Kii and Bungo channels, the stream from the first channel setting 
westward in the Seto Uchi, and that from the Bungo channel dividing into two parts, one stream 
‘setting westward toward Simonoseki strait, and the other eastward, meeting the Kii channel stream 
at the east end of Bingo Nada. On the west coast of Kiusiu and in Korea strait the flood stream runs 
to the northward; to the westward and north-west through the Korean archipelago, and to the north- 
ward along the west coast of Korea. 

In the Japan sea the tidal streams are weak and irregular. In the gulf of Tartary the flood 
Stream sets to the northward. 

Throughout the above coasts the streams overrun the rise and fall of tide by about one hour on 
the open coast, to 2 to 3 hours and even more in the Seto Uchi, among the inner islands, and in confined 
straits. 

Amongst the islands off the south coast of Korea the flood stream sets to the westward, the ebb 
to the eastward, turning about 2 hours after high and low water by the shore. 

The flood stream sets north-eastw ard along the western shore of the strait of Tartary at the rate 
of 2 miles an hour. 

Southwest Japan: The tides near Kusakaki sima appear regular, floud flowing to the northward 
and ebb southward. 

The tides near Mikomoto are regular, the flood setting W.S.W., and the ebb E.N.E. from 1} to 3 
miles an hour. 

It is high water, full and change, in Yokohama bay at 5h. 45m. Springs rise 5 feet; neaps 3} 
feet. The tidal stream is scarcely perceptible in Yokohama bay. 

Near the extreme of Futsu saki the tidal streams sweep round at a rate of more than 3 knots an 
hour at springs. | 

The rise in Ofunato harbour is about 5 feet; there is no perceptible tidal stream there. 

It is high water, full and change, in Fuk ura, eastward of Naruto passage, at 6h. 14m.; springs 
rise 6} feet, neaps 44 feet. At Anaga ura, northward of the passage, the time of high water is variable, 
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and the rise is 2 to 4 feet. The stream sweeps through the passage with great velocity, and the roar of 
its breakers can be heard for several miles. The south-going stream begins, at springs, 3 hours and 25 
minutes after the moon’s meridian passage, and 2 hours and 8 minutes after the moon’s meridian passage 
at neaps. 

Me sima Group: Strong tidal streams set through the channels between the islands, the flood to 
the north-west, and the ebb to the south-east; but the general direction of the tidal streams is more to 
the northward and southward. 

West coast of Kiusiu: Between Me saki and Noma no hana the flood stream sets to the north- 
ward along the coast, and the ebb tide to the southward, attaining at spring tides a velocity of from 24 
to 3 knots an hour. The stream sweeps round the bays, causing tide-rips off the prominent points. 

It is high water, full and change, at Nagasaki at 8h. 11m.; springs rise 10? feet, and neaps about 7 
feet, but they are variable. 

La Pérouse Strait: The tides set east and west through the strait, the east-going stream attaining 
at spring tides a velocity of from 4 to 5 knots an hour. 


Eastern Archipelago. 


Arru Islands: The flood stream in Dobbo harbour comes in from the westward, and the ebb stream 
from the eastward. In the south-east monsoon the flood is weak, but the ebb runs from one to 14 
knots an hour. 

In the offing the flood stream sets to the S.S.E. and the ebb to the N.N.W. 

Dampier Strait: The flood stream sets to W.S.W. and the ebb to E.N.E., but the streams appear 
to be greatly affected by the prevailing monsoons. 
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APPENDIX 6. CURRENTS, SHALLOW-WATER TIDES, ETC. 
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96. Table showing hourly values of duration (azimuth) and velocity of the current. 





| 
| Solar hours be- 
| Latitude 









































fore— 
Station - tand lon- Observing party , Nate Tides st | eee 
gitude i | | | | 
3 2 1 oO 1 2 3 
| = 3 rt ce a 
: | 
GULF OF MAINE. | ae | Cfkn Clkn Clkn Clhn | Okm Clkn Okn | 
Nantucket Shoals 40 37 0 JRL. Faris....... Sept. 9-10, HW.* 198 = 204 205-220 242 308 | 38 
Light Ship. fy 37 18 1903 04 O%4 Of O4 63 #O1 0.2 
ILW.* sg 85 98 | 126! 1§2| 175 194 
! 0.3 O04 O4 | 0 s 0.4 0.4 
Georges Bank ........ 41 10 of Robert Platt, U.S.) June 6-10, HW.* 181 ! Sr ASS ! 206 284 340 353 
68 55 85 Navy 1877 ie oe | oy 06 Of 0.6 0.9 
| / TWw.* 350 «348 | 355 45, 4! 173 «181 
| 0.4 0.9 0.6 - 0.3, O.4- 0.7 11 
DO aeons 41 20 46 ..... Qi ahve Steed a June 21-24, HW.* 171 188 205 250 290. 322 341 
68 2307 , i es 1.6 1.3 0g 0.6 09 81.5 1.7 
' LW.* 337° 445 | oO 47 123 148 | 168 
| : 7 1S 1.0 04 | 0.7 1.2) 1.6 
DO reek etree hee 41 31 00 ..... OG iieedanghed June 25-27, HW.* 179-146 | 226 | 2665 309 334 ) 3 
| 67 52 30 IStT 1.7 1.2 0.9 | ae 1.4 1.6 | 1.4 
LW.* 6 30 | 61 102 | 145 166 179 
4 1.6 13 £.3.° 127 1.9! 1.8 
DO oes hg nc as 41 36 28 ..... OO vee iecesos Aug. 23-29, HW.*® 164} 178 | 215 262 308 332 342 
67 24 12 18977 1.2 | 0.9 0.7 | 08 12 1.6) 1.6 
I,W.* 342 I 29 75) 113 144 | 163 
1.6 Wt 0.6 0.6 | 1.0 | 1.5 | 1.3 
Off Chatham Lights. | 41 37 30 H. Mitchell...... Aug. 19-20,| HW.* 187 | 16 | It 5, 9 6)...... 
by §1 50 1857 01 03) 09] 1.2' 1.0 0.4] 0 
IWS c5a055 192 | 191 190 | 189 _ 188 | 187 
0.0 0.2/ O07 sail 0.9 600.5 | 0.2 | 
Georges Bank, | 4! 3757 J. A. Howell ake Aug. 22-23, HW. 182 | 208 | 235 260 | 290 ©6330 o 
Georges Shoals. 67 43 30. | St2 18 8] 20} 14 14 1.3] 29 
| | 1Ww.* 5 a5 60 85 115! 148 178 
2.1 2.0 17 1.2 1.4 1.6] 1.7 
Off Chatham Lights..| 41 40 40 H. Mitchell...... | Aug. 20, HW.® 150 40 35 | 30: 20 a eee 
69 §2 12 1857. 0.2 #0.6/ 09 07 094 Oatloo 
| LW. 213 204 | +190 | 180 | 165-158 | 151 
Or) Of 07 #989 1.0 07] 0.3 
DO scS2ce wo otek | 40 40 45_ Robert Platt, U.S.) Sept. 14-15, HW.* 170 | 30 17 | 10 | 9 13 | 15 
69 45 40° Navy. 1857 v2 0.2} 0.6! 08! 0.9 66.8 | 0.6 
I1,W.* 18 | 22| 208 204 194 155 | 176 
0.5 | 0.2] O.1 Bel 04 «090.310.2 
About 7 mi. E.of Nan- | 41 52 40 lect MOL Retheed Sept. 12-13, | HwW.* 270 | 315 | 315, 325 | 330 330] 340 
sett Lights. 6y 48 00 . 1877 0.2 0.2] 0.3) 0.6! 0.8 1.0; 1.0 
1,W.* 345 | re) ° 20/ 335 310 | 280 
| 0.9060.8 |} 0.§/| 0.2, O01 0.2 | 0.2 
Georges Bank........ 41 5639 ..... OO tert cletcess | July 15-17, [ HW.* 154 | 181 | 204 238 | 272, 307 | 336 
66 38 15 1877 1.8 > 1.5|/ to 10] 1.3 26) 1.8 
IW.* 341 | 351 | 359 42 86 122 148 
18 18] 15) ot2] wt 1.6 { 1.8 
DOs hires 41 58 00 | Sarees COP ei iex his second _ Aug. 30-31, HW.* 142 146] 148 ; 318 | 339 3461 349 
69 26 00 | | 1878 0.8 05| 02, 01! 03 | 0.5 | 0.6 
LWw.* 348 | 351} 355 | 721 135 | 146 | 144 
0.6; 04] 03] 02] 05) 0.8/0.8 
| 


* Tides at Boston. 


————_ - 


Directions true. 











- 
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Table showing hourly values of duration (azimuth) and veloe:ty of the current, —Con. 


Station 


GULF OF MAINE— CO? 


5'4 mi. E.14N. of Cape 
Cod Light 


383 mi, N.IGW. of 


Race Point 


Stellwagen Bank..... 


BOSTON HARBOR t¢ 


Nantasket Roads..... 


Hypocrite Channel... 


South Channel........ 


Broad Sound 


eee eevee 


President Roads...... 


Off East Boston. ...... 


GULF OF MAINE 


Georges Bank 


ee rene se 











| Latitude 
'and lon-, Observing party Date 
| gitude 
Oo r | 
42 04 00! Robert Platt,U.S. Aug. 23-24, 
6y §7 20 Navy | IST? 
! 
42 OF Og Paes CG: s 2sasuited dan Aug. 24-28, 
| 70 1S oo IS77 
| 
| | 
| 42 17 18 |. .6e. OG: <siiceskyes Aug. 30-31, 
7O 16 To LSS 
42 19 09 C.H. Davis ...... Oct. 6, 12, 
70 §2 2S 1848 
| 
A240 HOO: Saget Mais fee cks Pa ee 
70 52 32 
i 
| 
42 20 35 H. Mitchell....... | Aug. 30-31, 
79 58 43 1860 
| 
422257 ©. H. Davis....... Oct. It, 
70 56 14 1848 
| 
42 19 54 AO Lake Oct. 16, 
71 00 00 i S48 
| 
| 
| | 
42°20 33 cee MD irae eked cies June 16, 
71 02 30 S48 
| 
4224 49° Robert Platt,U.s.. July 19, 
CO Navy. 1877 
| 42 27 09 |..... OO 265 tac Gud s Aug. 15-16, 
67 37 45 1878 


Directions true unless otherwise noted. 
* Tides at Boston. ; 
t For 47 additional stations in Boston Harbor, see Coast and Geodetic Survey Tide Tables for 1903. 





Tides 


HW. 


I,W.* 


HwWw.* 


Iw. 


Hw.* 


1,W.* 


HW.* 


1,w.® 


HW.* 


I,W.* 


Hw.* 


1,W*. 


Hw. 


LW.* 


1iw.# 


I.W.* 


TTIW .* 


1W.* 


HWw.* 


1,W.* 


HW.* 


1,W.* 


| Solar hours be- | 











| fore — 
| 
B : ! 
! 
Ciba Clean Ckn 
7 QO 320 | 
O3 a2 0. 4 | 
25 300 HS 
o,S O.7 oO. 
70) SO: sieeis : 
| OF O.§ ] 
245 ' 245 = 230 
OS!) OF Oo. 4 
£0, 100 160 
0.5 O.4 Qa. 5 
270 280 
0.6 oO.5 0.3 
ra 7 7 
i) ers 1.2 | 
200 22 zt) 
2.0 1.8 tq! 
39 42 25 
| v8 0. 4 
240 242 5 245 
I. 1 ON, O13 
73 76 i 
1.5 1.3 | 0.y 
243-244) 244 | 
18 1.8 4 
13, 10° 357 
04 Of 0.3 
258 252° 278 
0.4 0.2 | 0.1 
7 73 S2 
1.3 1.3 | 0.9 . 
254 246 230 
1.0 Baer: OQ, 2 
1605 | 1S2 | 139 | 
1.0 1.0; 0.7 
309 | 313. 320, 
1.0 1,0 | 0.5 
| 
130 110} 60] 
0.7!) 0.6 0.3. 
M7) 37 85, 
0.y 0.6 0. 3 
161 182 | 227 | 
0.8 | 0.5' O.4 
351° 16 | 45° 
1.5 1.0 07 


Solar hours after— 





0 I 2 3 
7 | 
kn kn Ck Oka | 
$25 | 31S) 30S 29S 
0.§ 0.6 O.7 OS 
325 , oO fo 70 
oO. 4 | Q2  O,3 0.3 | 
irichiins ' 250 240 245 | 
SB eetets 0.7 oS 0.8 
Le) 80 5068 | 
ome | 03 4 6.6 | 
a, 235 240 260 
o2(?)) 03 0.6 0.6 | 
go 60 “0 SO | 
O,2 O.5 O60 as | 
74 | 208 2h2 WO | 
Ot 0.6 1.4 2.0 | 
315 75 77) OTS 
O1 Og) 16 1.8 | 
240 239-289 | 240 | 
01 066 Lo) ur 
60 «6555 43, 30 
O01 0.6) T.0 ast 
th. 239°, “442 2 243 
o.1 0.8 Ig ' 1.8 
245 706781 98 
01 09 1.0 1S 
299 274-260 
0.0 0.2: 0.3 0.4 
344-356 6 13 
01 0.2, 03 04 
S254 25h 255 
0.2 0.5 Og LO 
3 71 #7 7t 
03 #O7F7 O99 12 
130 5 S08 | 307 
oO. 1 O. 4 0.7 OY 
325 | 160 16y | 168 | 
0.2 05 OS; to , 
358 | 333 327 443 
0.2 0.4 #09 1.0 
7 137, 140 ' 130 
0.7 890.7 0.7 | 0.8 
266° 317 «330349 
041 1.0 1.4 “15 
74 «114144! 160 | 
0.4 0.7 0.8 


0.4 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 


: Solar hours after— | 





Station 


GULF OF MAINE—COD. 


Georges Bank 


Off Thatcher Island. . 


eee ee oe of 


Georges Bank 


esereeer ea neeseese 


ee reer eeeeeseore 


Portsmouth Harbor 
(S. 77° W. of Whale- 
back light). 


Portsmouth. Harbor | 
(S. 78° K. of Ports- | 
mouth light). 


Portsmouth Harbor 
(N. 5° W. of Ports- 
wouth light). 


Portsmouth Harbor 
(N. 25° W. of Ports- } 
mouth light). 3 

*Portsmouth Harbor | 

(S. of Clark Island).: 


| 


| 

Portsmouth Harbor ' 
(off Goat Island | 
Ledge buoy). ! 


Portsmouth Harbor 
(S. of Portsmouth | 
Navy-Yard). | 


| 








Latitude 
and lon- 
gitude 


te) s as 


42 28 39 
66 03 30 


42 33 11 
70 31 17 


42 50 00 |.... 


65 56 30 


43 Of 00 
65 40 40 


43 47 23 
67 37 30 


43 93 30 
70 42 10 


43 04 15 
70 42 19 


43 04 35 
70 42 37 


43:04 40 


70 42 50 


43 04 31 
70 43 3! 


43 04 27 
70 43 59 


43 04 35 
70 44 28 





Observing party 


Robert Platt, U.S. 


Navy. 


eeeee 


.do.. 


ean seer ene 


eoeeeve peee 


ewe eeee reese 


eeoerereeee 


P. A. Welker..... 


eeeee 


oer ee 


eee ee 


ee 


eeceeeveses 


Cd 


eee reeenes 


Directions true unless otherwise noted. 








Date Tides 
Aug. 13-14,} HW. 
1877. 
| I,W.? 
Sept. 24-25, HW.* 
1877. 
LW.* 
Aug. 5&9,' HW.* 
1877. | 
{ 
| I.W.* 
Aug. 6-7, | HW.* 
1877, 
| LW. 
| 
Aug. 23, HW.* 
1878, 
| TW.* 
J 
Oct. 25,1898 | HW.t 
LW.t 
Oct. 6, 24, HW.t 
18y8. 
1.W.t 
Sept. 26-28, HW.t 
Oct. 4, 1898. 
| Lw.t 
| 
Sept. 26,29- ; HW.f 
2080ct. 10, | 
1898. | LW.t 
Oct. 11,18, HW.t 
18,8. 
I,W.f 
Oct. 7,1898! HW.t+ 
ILW.t 
Oct. 13,17, ) HW.t 
1898. 
LW.t 


* Tides at Boston. 


Solar hours be- . 


Ojkn 
125 
1.2 
305 
0.9 


0.2 


0.4 


132 | 


1.0 


309 © 


1.5 

97 
1.2 
320 
0.8 
228 
0.3 
343 
0.3 
175 
0.2 


0.7 
1§2 
0.3 
358 
0.7 


0.6 


1.3 

71 
0. 6 
237 


S 
a) 


1.0 
262 
1.1 


268 
I.1 


137 
1.8 


306 
0.9 





ore— 


Ojkn | 
125 
1.0 
3) 
0.7 
50 
0.2 
300 
0.3 
156 
0.6 
313 
1.2 
118 
0.8 
354 
0.4 
ary 
0.2 


| 
: 
| 


o.8 
349 
1.3 
101 
1.5 
295 





Clkn 
131 
0.7 


49. 


0.4 

30 
0.2 
330 
Oo. 2 
214 
0.4 
327 
0.8 
173 
0.4 

33 
0.3 
205 
o.! 
292 


0.2 


177 


1.0 ' 


1.4 
168 
1.1 
342 
1.4 
117 


310 


277 
0.8 


0.5 


0.6 


0.§ 
242 
0,2 
267 
0.3 
178 
0.8 

16 
1.1 
174 
1.1 
343 
1.1 
127 
1.7 
286 
2.4 


1.4 
249 
11 
83 
1.4 
263 
1.7 

85 
1.5 
265 
1.9 
125 


Olen 


178 
0.5 
121 


eS 


0.3. 
40 . 
0.2 | 


1.2 
72 


276 
0.9 
83 
0.9 
285, 
O.1 
238 
0.3 
179 
0.5 

17 
0.8 
178 











312 


wteeen 


253 


t Tides at Portland. 





Cikn 


0.7 
125 
1.2 
250 


0.5 


0.2 


1.5 
130 
1.3 
316 
0.9 

93 
1.3 
340 
0.3 


12 
0.4 
175 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 


Latitude 
Station and lon- 
gitude 


NANTUCKET SHOALS. on w 


Observing party Date 


NW. side Fishing Rip.| 41 02 "| Lieut. C. H. Me- | July = 8-9, 





69 28 (?)| Blair. 1852. 
Nantucket Shoals ....| 41 00 (?)!..... GO 44533s00253< July 9-11, 
69 27 (?) 1852. 
| 
DOs ceive es cae chs 41 o1 a eer OG 35508 6052. July 10-11 
69 27 7 1852. 
DOs v6 soca ciaseva 41 08 08 a 500 Svasewavass Aug. 24-25, 
69 31 48 1852. 
| 
D0 ok is5bsiee ese veel QEO2 0) ches OO vsaveGeexins Aug. 14-16, 
69 34 (?) 1852. 
| 
DOiscesvaseeeceves 41 05 .. hee Gs Seva aees Aug. 16-18, 
69 37.-- | 1852. 
Do..... shcveeeeess 41 08 38 | Lieut. Vreeland ..| Sept. 21-22, 
69 39 SI | 1891. 
| 
DO .s7isacaduas 41 12 00 Ui OO 432 sieve’: Sept. 10-12 
69 40 00 and 15-16, 
1891. 
| 
DO erpicds gtesae sks 4112 18 |..... OG sis aveess Sept. 16-17, 
69 40 31 1891. 
| 
Off Sankaty Head....| 41 22 10...... OO oil re sates: Sept. 5-7, 
69 42 3% 1891. 
Nantucket Shoals ....| 41 12 30, Lieut. C. H. Me | July —s 5-7, 
| 69 43 24,‘ Blair. 1852. 


SW. end Great Rip...| 41 12 (?) 
69 45 (?) 





Directions true unless otherwise noted. 


Lieut.C. H. Davis.! Aug. 30-31, 


1848, 


Tides 


Hw.* 


Hw.* 
LW.*® 


Hw.* 


Hw.* 
Lw.® 
Hw.*® 
LW. * 


HW.* 


HW.t 
LW.t 
Hw.t 
LWw.t 
Hw.t 
LW.t 
HW.t 
ILWw.t 
Hw.* 
Lw.* 
HW.t 


LW .t 


Solar hours be- 


279 
1.3 
186 
0.3 
281 
0.7 
126 
0.4 
247 
1.2 
213 
1.1 
326 
1.0 
193 
1.3 
326 
0.9 


2.6 

30 
2.0 
205 
1.1 

35 
1.6 
220 
1.4 

25 
1.6 
187 
1.6 

25 
0.8 


0.5 
324 
0.9 
232 
2.1 

55 
1.2 





fore— 


210 
1.9 
40 
1.3 
215 
0.8 
45 
I. 
230 
1,1 
25 
0.9 
205 
0.6 
20 
0.4 
212 
1.2 
7 
1.6 
245 
1.5 
72 
0.8 


* Tides at Governors Island. 


senor 





218 


Solar hours after— 





0 | ; 
Cjkn | Olkn 
222 | 227 
1.0 | 0.8 
22 66 
1.5 | 1.0 
229 | 240 
1g} 0.7 
Bl 43 
1.8 | 1.6 
236 | 244 
2.2] 2.2 
25 23 
12s He 
196 | 216 
2.8/ 2.5 
20 35 
2.4 { 2.2 
220: 238 
ne a me | 
32 66 
1.3. 0.9 
252 | 238 
1.9 | 1.6 
45 68 
2.0; LI 
5 20 
0.4 | 2.0 
180 | 195 
1.0] 1.7 
300 | 340 
0.4 0.8 
180 | 190 
06] 1.2 
epareas 10 
Saitek 1.1 
200 | 200 
1of] 7 
15 15 
It] 1.5 
160 | 180 
09/ 1.7 
222 | 235 
1.5 | 1.2 
19 25 
1.§ | t.o 
26| 58 
0.6] 1.4 
200 | 215 
0.7 1.6 


eeeveee 


222 
2.1 

36 
1.3 
292 
0.9 
105 
0.7 
245 
1.0 

95 
0.6 

20 
2.2 
200 
2.1 

10 
1.3 
200 
1.3 

25 
1.8 
210 


is 


Ts | 


1.3 
I8s 
1.8 
251 
0.7 

24 
0.3 

64 
1.8 
224 
2.1 


+t Tides at Boston. 


Poe, —_— — | ———___——. | —__—. | — | |] 


256 
0.8 
146 
0.3 
234 
1.2 
108 
0.4 
320 
0.9 
159 
1.0 
257 
0.9 
189 


1.2 
2.0 


2.6 

30 
1.6 
205 
1.1 

25 
1.6 
220 


1.4 


0.y 
| 187 
1.6 
308 
{| 0.7 
ee 
| O04 
55 
1.2 
230 
2.2 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 


| Solar hours be- 











I 
NE. of Davis South ‘41 00 (:) | Lieut. J. N. Maffitt es 15-17, | HW.* 293 , 303 308 | 325 
| 


Latitude fore | 
Station and lon- | Observing party | Date Tides Di 
gitude , | | 
| a x Po ge & o 
methane ! & Se ee So neat! 2 2d 
{ 
NANTUCKET SHOALS— 
: ! 
continued. ov On Okm Ckn On | Okn 
| 


Shoal. 69 50 (?) 29" We -2.0- ciee 
LwW.* 65 69 82. 127 
2.30#2.1 #67 1.2 


Nantucket Shoals... 41 a4 4! Lieut.C.H. Davis, Aug. 6-8, | HW.* 274. 2823S 46 


























69 50 25 1846. 2.0 1.3 08 o8 
, | LW. 98 100. 136 214 | 
| 2.2 1.8 a8 0.7 
DO ceewees sc saences 41 11 (?) , Lieut. .C.H.McBlair, July 7-8, | HW.t 1446 192 213 226. : 
‘69 51 (2) | 1852. 070 12 18 17) 
- LWt M4 12H BSS 125143 
13° 21.5 1.6 1, 0.6 0.8 .0.4 
DO fesnecdeteanses ( 20.26. Wine HAO stecas fetes Aug. 25-26, | HW.t 175 200, 215 | 228 233, 253 288 | 
6y 51 22 1852 0.4 1.4 2.2, 2.2 | 1.4. 0.5 
| LW.t | 310, 16. 40) 44, 42) 76 144 
| 0.5: 1.2 1.8 16° 1 0.9 0.3 
D6 sige eecstees 41 or 18 Lieut.C. H. Davis | Aug. 12-14, | HW.* | 277 288 | 287 | 305 35 & 66 
69 51 26 1846. 1g 1.7] 13) EO LE) 1.3 1.5 
i | 1Ww.* gs tog | 136 or! 243 | 261 277 
| 1.5 1.3] 09 065, 09 1.6 1.9 
DO cd iegsesisgns 4105 16 |..... OO fae cadapies | Aug. 14-15, | HWw.* 232 257 | 257' 300° 15 | 66 79 
‘69 56 00 | 1846. 15! 1.6) 1.4, 1.0 0.7 | 0.6 1.2 
. LW.* 84 103] 121 148 200) 226 242 
| 2 LE] og 7 0.6 | 0.7 LI us | 
Dae) Sie as: 4117 26 |Lieut.cC.H.McBlair; Aug. 23-25, HW.t | 130 | 160 | 191 © 219-225 230254 
69 55 39 1852. . to 1.0 1.2 1.5 1.5 1.3 0.9 
ILW.t | 278 | aiz' 386! 37 84 64 125 
0.8 OF 0.9 | 1.5 1.6 1.2 1,0 
Deg teh weds 4 03 57 Lieut.C.H. Davis) Aug. 6-7.) HW.* 272-284 ' 306 5 40 ©667.— So 
69 84 07 1846. | Le HQ A AS 7 Og Le 
LW.* * 8&5 109. 154 203-230 249 270 
| | n§ 1.0. oS 1.2 1.6) 18 17 
| DO.i soc wii eeede’s 41 ir 8c?) Lieut. J. N. Maffitt Aug. = 5-7. HW.* 256 25% 265 274 ° 41 70 
6g 58 16?) I84u. ! 1.4 1.5 1.1 08 0.6 O99 1.3 | 
| ; ILw.* ri gt | 121 147 209 233 256 
| ! 14 Lg > 12 09' O8 12 14 
Near Nantucket..... gto 31 21 Lieut.C.M. Davis) Aug.23.1847)  TIW.* 242 7 ' 270 28 38 4t 47 
pt a oe oa O04 11.0 1.6 1.5 | 
LW.* 46 50 1 ees 205 = 232, 238 242 | 
30 ON | OO OF 1.3) 3.8 1.7 
H. Mitchell ...... Aug.4-5,7-5. HW.* 242 254 261 ro 66 | 72 85 
1857. lq oO8 02 Of O08) 4 14 
1.W.* 85 83 123 228 225 225 242 











; | 
| , 423 OS of O88, 15 LS 1.4 


Directions true unless otherwise noted. * Tides at Boston. ¢ Tides at Governors Island. 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 


Station 


| NANTUCKET SOUND. 


Off Shovelful, S. of 41 32 


Powder Hole. 


Off Great Point 


re ee 


N. of Handkerchief 
Shoal. 


Nantucket Sound.... 


eeeee eres sees ees 


Between Horseshoe 
Shoal and Bishop 
and Clerks Light- 


ship. 


Between Cross Rip 
Light and Horse- 
shoe Shoal. 


Between Longs and 
Nortons Shoal. 


Nantucket Sound.... 


ee ee) 





I 
! 


| Latitude | 


and lon- 


| gitude 


| 


| 


! 
| 


co) , ” 


0O 


FO OL 02 


24 
7O O82 


15 
40 


03 43 


27 00 


05 


21 31 
19 55 


41 
70 


7O 


é 


70 45 


24 
26 26 


4l 
70 


41 25 47 
70 26 $0 


Observing party | 


Lieut. M. Wood- 


hull. 


ewe © pRB wee ns 


| H. Mitchell 


| 


erences 


eo e828 e 


eeceeeas 


Lieut. M. Wood- 


hull. 


| 
| 
| H. Mitchell 


eosene 


cee ee 


eeceeere ss 


er sees 


ee 


i Lieut. M. Wood- 


hull. 


eo ae 6 REP, we ee 


Date 
| 
| 
\ 
Aug. 28-29, 
| 1852. 
| Aug. 7-8, 
, 18§2. 
Sept. 1-2, 
1852. 
I july 5-6, 
1857. 








Aug. 17-18, 
1852, 


July 13-14, 
: 1857. 





July 9, 
| 1857. 


| July 17-18, 
| 1857. 


July 19-20, 
1857. 


Aug. I4-I§. 
{ 18s§2, 


Directions true unless otherwise noted. 


i 


| 
i 
| 





| 


| 


t 


. 13-14, | 


| 


Solar hours be- 











fore— 
Tides | | 
3 | 2 , 
] 
| | 
Okn Ckn | 
HW .* 330 ee 
0.9 — o.6 
1,w.* 85 o ! 
, 2 : o.1 
HW.* 240 240 | 
| 0.9 0.§ | 
1,W.*® | PS Newirsnre | 
0.9 0.0 
HW.* 285 | 260 
0.5 | oO. 1 
LW 222482 260 
0.0! of: 
HW.* «| 273 | 284 
. I.4.| 9 
1LwWw.* 81 87 
' 09), 0.6 
HW.* 237 | 240 
0.9! 0.6 
1.W.* 75.) 98 
0.9, 5 | 
HwW.* 295 |! 255 
1.0, 08 
1,W.* 81 | 50 
0.8 0.7 
HW.* 261, 261 
1.4' 0.9 
IWw.* Sr: &1 
09 a8! 
HW.* 2300 245 
1.1 0.6 
IW.*® 7O 7a 
1.4 Lt 
HW.* 194 210 | 
2.8 2.2 
ILW.* 36 36 
| 2.7 2.0 ° 
HW.* + 190 200 | 
0.6 0. 2 
LW.* 359s: 345 | 
0.5 0.3 | 
Hw.* 260-265 | 
| 0.9 OF 
Lw.* 1250 1:0 
! 0.6 Qa. 
* Tides 


_e_—_— 





I 0 
Okn Okn 
100 10U 
1.2 2.3 
294 9-310 
12 NaF 
a Rect ‘65 
0.0 0.2 
21§ = 230 
0. 3 0.6 
160 140 
0.3 O04 
250 285, 
0.3 Of 
tenes 67 
0.0 860.6 
Pee 235 
0.0 0.5 
So 70 
0.3 I! 
237 
0.0 0.5 
300 | 100 
0.3 | 0.4 
20) es 
0.4 0.0 

261 

0.5 0.0 
Bio esx: 
0.4 0.0 
2go 36 
0, 2 0.5 
9o |] 150 
0.7 | O4 
216 36 
0.6| 0.6 
3f | 194 
| | O.1 
345 | 350 
0.2; O.4 
Igo Tgo 
v.3 0.4 
265 270 
0.5 ' 0,1 
170 | 1co 
O.4 O12 


at Boston. 





216 
0.8 


230 
“0.8 
150 
0. 3 
285 | 
0.6 
72 | 


ae 


273 | 
1.3 
70 
1.1 
238 


255 
Og | 


TQ 
0.7 
120 


0.4 
250 


Solar hours after— 


0.9 


240 


273 
1.4 
7s 


0.9 


0.9 
Sr 

0.8 

295 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 





Station 


VINEYARD SOUND. 


Off Edgartown Light 


Swimming Place, 
near Edgartown. 


Off West Chop....... 

S. entrance to Woods 
Hole. 

DO bse seleivased. 

Do @eeee @eweeeeseesne 

DOnseeeeweseiads 


DG cee dae evens 


Robinsons Hole, S. 
end. 











S. entrance to Quicks 
Hole. 





Latitude 
and lon- 


gitude 


Oo wt 


4I 23 14 
70 30 OO 


(Ld 


41 22 33 
7O 30 24 


4 29 17 
70 35 52 


41 30 47 
79 39 42 


41 30 49 
70 39 43 


41 30 45 
7O 40 02 


AI 30 37 
70 40 Il 


41 30 42 
7O 40 15 


41 26 34 
7o 48 16 


41 26 #4 
70 48 16 


41 26 06 
79 50 37 


| 
| 
| 


Observing party Date 


H. \. Marindin..| Sept. 11-25, 
1891. 


Sept. 14-25, 
1891. 


Lieut. M. Wood- | July31, Aug. 


hull. 1, 1852. 
Darga do ............| Sept. 21-22, 
1850, 
paien do............| July3i-Aug. 
I, 1851. 
bates do............| Oct. Iro-rt, 
1850. 


Lieut.J. R.Golds-| Nov. 5-6, 
borough. 1849. 
Lieut. M. Wood- | July 5-6, 
hull. 1851. 
peace do............| Sept. 29-30, 
1850. 
cath do............| July 18-19, 
Aug. 16-17, 
1851. 


Lieut. J. R. Golds-! Nov. 12-13, 
borough. 1849. 


Directions true unless otherwise stated. 





1 


| 


Tides 


HW.* 


LWw.* 


Hw.* 


Lw.* 


Hw.* 


Lw.* 


HW.* 


Lw.* 


HW.* 


LW.* 


HW.* 


IWw.* 


HW.* 


~ 


kn 
278 
0.7 


0.4 


1.3 


0.8 
262 
2.9 
105 
3.6 
284 
1.1 
10S 
Ii 
295 
0.4 

85 
0.2 


0.8 
140 
1.3 
295 


1.0. 


1,0 
295 
0.4 
150 
0.6 
310 
2.4 
145 
1.0 


0.3 
150 





Solar hours be- 





ore— 
2 I 
Okm | Ckn 
277 280 
0.5 | oO! 
5 ice vets 292 
Rdegite 0. 3 
te i eh 
1.0] 0.3 
0(?) 180(?) 
0.4} 0.5 
262 | 245 
2.3] 0.4 
105 | 11S | 
2.8 |] 1.5 
280 | 280 
0.7 | 0.2 
100 | 300(?) 
0.§ | 0.3 
S10 |e tees 
0.2] 0.0 
etbions 300 
0.0 | 0.2 
315 
0.5 | 0.0 
135 | 135 
0.9 | 0.4 
285 | 260 
1.0] 0.3 
go |, 100 
0.8] 0.3 
295 |.----> 
0.2]; OF 
170 | 190 
0.4} O.1 
305 | 310 
2.6 | 2.3 
170 | 170 
0.7 | 0.6 
290 | 300 
0.2 ; 
200 








Solar hours after— 





Olkn 


180 


ee oO ee 





ceoeee 


peooeoe 


eevece 


*Tides at Boston. 





Clan 


2 





Olkn 


go 
0.6 


150 
1.5 
310 
0.9 


I.1I 


1.0 
140 
0.7 


0.4 
115 
1.0 
315 
1.0 
115 


3 





Oks 


174 
1.2 


105 


264 
3.0 
105 
1.2 


85 
0.2 


0.4. 
140 
1.4 
310 
0.8 


1.0 
295 
1.0 


145 
0.6 


0.4 
140 
1.0 
310 
2.3 
145 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 











Latitude fore— | 
Station and lon-| Observing party Date Tides |_ | 
gitude . | 
sfalejolsfays 
[iain Games Wee ae pe eer ees eae |— 
VINEYARD SOUND—COn. fo} , 7) ro) kn kn Okn Olkn Oikn Olkn ' Okn 





S. entrance to Quicks |41 25 59 | Lieut. M. Wood- | Sept.zoand | HW.* 300 | 300| 310] 130] 10] 115! 120 
Hole. 70 50 38 ! hull. | Oct. i, 21/1 1.5 | 0.8 | 0.2] 1.5] 1.7 | 1.8 
120; 1 



































| 1850. Lw.* | 120 / 125 125(?)| 240] 270 : 300 
1.8] 1.2 | 0.7 lo. 1(?) 05} 1.6 2.1 
Between Gay Head [41 23 16(?)) H. Mitchell ...... July 67,| HW.* | 230} 235, 250 | Poin 60 85; 9° 
and Nawashena j7o 51 08(?)' 1857. | 1.4] 1.0) 0.7) 00] O02! 1.4 1.4 
| Island. Lw.* go| 80! 70 '200(?)| 230 | 230 | 230 
14| 16! 04] 03] 1.0] 1.3 [4 
) BUZZARDS BAY. 
| N. entrance to Woods /41 31 32. | Lieut. M. Wood- | Julyr-zand | HW.* 330 | 340 ...... . 195 | 165 | 165: 165 
Hole. FO 41 35 hull. Aug. 6-7, 0.5] 04! 0.0' 04] 0.8) 08 0.7 
| 1851. a) eee fi 170 | 165 | 165(?) 330 | 335 | 335 335 
| 0.6] 0.4 | o.: | 02/ 04] 0.6 0.6 
| 0 oe eee ee 41 31 29 |..... OG 36 iis iste us Sept. 22-23, | HW.* 328 | 332 ...... 182 | 180 | 180 180 
ke 4 70 41 3y Oct. 31, | 0. 8 Ae! 0.0; 06] tr 1.2 1.0 
| and Nov.; LW.* 180 | 190 | 260 | 295 | 305] 320 325 | 
| 1, 1850. 1.0| 04] 0.2] 05: 07] 1.0 09 | 
DO oss ees 41 3t 39 | Lieut.J. RR. Golds-| Nov. 10-11, ; HW.* 340 | 350] 350{ 165] 168] 1701 175 
| 70 41 53 borough. 1849. | 07] 04] or] 02] 07] 09 07 
| LWw.* 178 | 180 200] 320] 325] 335 340 
0.7 0.7 | 0.2 0.3 | 07] 0.7 '0.7 
Between Sconticut ‘41 36 30 | Lieut. G. C.| Apr. 23-24,)/ HW.t 218 | 218; 220]...... 275} ? 20 
Neck and West |70 42 48 Hanus. 1896, O11] 0,2 | 0.1 | 0.0 | Or | 0.2/1 0.3 
| Falmouth. Lw.t 30 | 30 ! 30 | 30]...... 195 | 210 
| | oO, 2 a 0.2/ 01] O&O] OF OF 
Between Clark Point |41 31 00 |..... 6 sa Hees eu ans Apr. 21-23, | Hw.t 220 {| 200, 210! 210 |...... go ! 30 
and NaushonIsland.!7o 49 30 , 1896. | 0.2] 0.2] 0.3 | 0.2] 00] Of 0.2 
| | | LW.t 40 70 70 g90(?)j...... 165 ! 210 
| | 0.3 | 0.2| 0.2' 0.2] o&<0/ Of OF 
N. entrance to Quicks jaz 2713. Lieut. M. Wood- Aug. 9-10, | HW.* 340 | 355 15 eeeee 185 | 195 195 
Hole. 70 §0 58 : hull. | 1851. 1.3] 1.2] 07, 00] og] 1.9 | 1.6 
| | | | LW.* | 195] 195] 205 250] 320] 325 335 
| | 1.6] 1£.3 07° O44] TT] 12 1.3 
DO bee ah bts So ed AL 27 90 ees GO sina swan | July 21-22, HW.* 325 | 335 | 350 o| 186] 190 | 205 
70 50 59 | 1851, 1.0] 09] 06 o.2/ 08] 1.8 15 
| : ! LW. * 205 | 210] 230: 255 | 300] 320 | 320 
| 15, 10] 04, 02] 08] 1.0 Lo 
DO eisai ies $127 21 |..... OG tit ots eeaas | Sept. 24,26, | HW.* 350 10 25 65! 170! 180° 180 
7O §1 02 , | 1850, 1.5 1.4] 0.8 | 0§| 1.7 1.9 | 1.5 
| | LW. * 185 | 195 | 220 : 320 | 330 | 340! 350 
1.4/ 09] 03: 03] EI] n§ 15 
DG issue wesns ieee 41 27 16 | Lieut. J. R.Golds- | Nov. 13-14, | HW.* 347 | 350 o | go(?); 187 | 204 | 215 
70 51 03 borough. 1849. 1.4! 09] 05; 02] 1.2] at | 1.8 
Lw.* 215 | 214] 215 .270(?)} 301 | 312 | 345 
| 1.7! 1.3 7, 0.2 | 1.1 nao 
Directions true unless otherwise noted. 
* Tides at Boston. ¢ Tides at Clark Point, near New Bedford. 


26 


12770—0O7 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 





! Latitude 


Station 'and lon- 
| gitude 
ese ett see | 
| EASTERN LONG IS- | 
LAND SOUND. Be eae 
| 


South of New London., 41 13 32 
| 72 04 45 


Between Plum Island = 41 12 35 


and Saybrook. 72 15 §2 
Off Terrys Point | 4110 11 

(Orient), ITLong = 72 18 53 ! 

Island. 


41 12 14 
Point, Long Island, 72 19 31 
and Saybrook. 


Between Terrys 


90 3.65. ar oS ot | 41 13 53 
| 72 20 o8 


Off Saybrook (Lynde | 4015 14 | 
Point) Light-house. | 72 20 23 


SW. from Saybrook ..) 41 ov 47 | 


72 25 43 


SW. from Saybrook...’ 41 07 15 | 
72 35 16 | 


Mid-Sound S$. of The | 41 07 00 
Thimbles. 72 44 58 


SE. from New Haven..| 41 06 30 
72 46 02 











| 


Observing party | Date 


Lieut. C. P. Per- , June 17, 15, 
kins 1887 


| 


1887 


K. E. Haskell... July 19 and 


21-22, INQO 
é 
aon 8 BOS n sane ae! July 8, 11-12, 
18go 
| 
ea do July = 7-8, 
TS8go 
aches do............] Julys, ro-11, 
1890 


Lieut. C. P. Per-) June 14-15, 


kins «887 
res: fo Co ee - June 9-10, 
| 1887 
| 
FE. EK. Haskell.... July 28, 29, 
1890 


Lieut. C. P. Per- May 25, 26, 
kins 1882 





Directions true unless otherwise noted. 


* Tides at Little Gull Island. 
t Tides at Saybrook. 


mievecely Ne 160475." 





| 











Solar hours be- 


fore— 
Tides == 
3 te oF 
| 
| 
| 
[kn Clkn Clkn °®, 
HW.* 130 120° 130 


LW.* 250 280 280 285 285 


HW.t g6 98110 


a, 


Solar hours after— 





‘kn Okn 'lCkn Cikn 
100 So? 265 280 
ae | O.5 0.9 ' 2.4 
285 100 (?)| 
2.2 1.§ 06°04 ! 
160 = 283i 268 





0.4 01.2 #19 21 


s 2 
LW.t 275-278) 2730278 276 o 686 «88 


-9 
HW.tf 350 70 So 
5 


ILLW.} 240 | 240 


16 06 Of TY 
8S 110 (?) 220 


: 2.2 1.6 03° 1.4 
240 | 240 245 290(?) 350(?) 


2.5 3.2! 3.3! 2.9 1.8 0.6(?)0.3(?) 


ago (2) 75 73 
0.7(?) 1.3 215 


HW.t 


So 15s 175 215 
1.4 0.7 0.6; 1.3 


"LW ft 230 «227 «225, 230,237, 240 33.20(?) 
Id 25a 2.4 2.4 #2.0 1.1 0.7(?) 


HW.} 105 105 —s«105 


105 10S-——s«d:28——s 228 | 
t 
17 04 9 


IW. 240, 250 255 275 = 330 §5 10S | 
1.7 ' 2.0 1.7 O89 O§ +15 2.2 


HW.f 120 | 125 130 


130 (?), 280.245 


1.4 12, 09, 0.3 (?) 1.2, 1.7 
LW. 205 270 278) 275 305 «104-120 


1.8 1.7 1.2 0.7 0.3 I.1 , 1.3 


HW.t+ 65 a5 | 75 
2.1 2.3 | 1.7 
IW.t 220 230 | 260 


9 
HW. 73 73 73 
oO 


ILW.4 | 260 





HW.} | 345 ! g 90; 30 45; 9 | 170 
0.2; 06, 08) 08 0.7 9.5 02 | 
LW.t | 250 240} 240 240 235 195 | (?) | 
. | @) 
HW.? 


LwW.? 





t Tides at New London. 
¢ Tides at Falkner Island. 


| 285 270, 280 50 67 #71 


| 
1 


85 1§0 195 | 220 
1.2 O4 1.2 2.1 
275 300 30:6 
12 0.4 OF 2.1 
110 =.232,—/— «260-200 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 














Solar hours be- | Solar hours after— 
























































































Latitude | fore— 
Station and lon-| Observing party Date Tides | | ao) eee ale 
gitude | | | 
K 2 I a) I 2 |) 3 
ls i | 
WESTERN LONG IS- | ; | 
LAND SOUND. orw \ Okn Okn : Ohm | Ckn! Cikn Okn Okn 
NW. of Eatons Point, | 40 58 oo |! Lieut. C. P. Per- | May 18, 19, | HW.* 27-33, «Se o! 28 | 265 | 260 
Long Island. 73 27 36 kins 1887 05, 06' 0.3 OF} a4 0S 0.8 
| | LW.* 270 270, 270° 280} 295 350 30 
| | 08 0.9, 0.9: 05! 0.3 0.3 0.5 
Off Stamford Light. .| 40 59 16 ...... do....... oo Apr. 26, 27,| HWw.* 67) 55 50 80 | 300 265 | 240 
73 31 03 | « 1887 0.5 | 0.6 0.4! 0.1; OF 0.3 0.4 | 
| | LW.* _ 235 240 235 +9225} 200 | go! 7o 
| . 05, 05 04 O2| OF 02,04 
Between Great Cap- | 40 57 47. Lieut. Goldsbor- | July 8, 9. | HW.t | 271 _ §o2 : 40: 60 So go "120 
tain Light and Oys- | 73 35 44 ough 1847 1 O08 O41 0.3 O08) Tr 1.0 0.6 
ter Bay. | ; | LW.t | 130 «6167 «©2100-2233; +247 #8257 «268 
| ! 0.5 jg 0.5.09! LF to 08 
Off Matinicock Point | 40 55 02: E. E. Haskell..... Aug.7,8, 13, | HW.] 100, 100 go go? | 210?, 230? 230? 
73 38 38 tay l 0.6 0.7! 0.6, 0.12, 0.1? 0.3? 0,6? 
| L,W.t |230(?) 215 | 208 208 . 180? 150? 100? | 
0.6(?), 0.6 | 0.4! 0.2 | 0,2? 0.4? 0.6? : 
NEW YORK, LOWER | | | 
BAY. | 
Scotland Wreck Light | 40 26 24. Ensign J. M. El- ! Aug. 11-13, | HwW.ft 125, 135] 135. 145, 170 300? 315 
Ship (old position). | 73 55 56 licott 1885 0.4 0.6] 05' 04 Of) 02 0.4 
| | LW.t | 315! 330 | 320-330 | 340 | 103° 125 
0.4 0.6 0.6 0.4 o.1 0.2 1 0.3 
Inside Sandy Hook...| 40 27 28 | H. Mitchell ...... July r3and | HW.t | 338° 212) #174 #172) #176 181 181 
74 00 §2 28, 1856 0.12 0.17 | 0.39 0.49 0.56 0.44 0.34 
1,W.t 181 200; 184‘ 204 358 20. 350 
| | | 0.18 | 0.27 | 0.22 } 0.05 (0.14 0. 26 0. 25 
Sandy Hook Bay ..... 40 27 33 = MO wese ogere wus | July 13, 28, | HW.t 66 38 | 229 | 230 249 255 275 | 
74 02 20 | 29, 1856 0.39 9.16 | 0.13 | 0.43 » 0.65 | 0.62 0.57 
| LW.ft 271 28s | 2y2 | 290! 353 25 61 
| 0.57 , 0.42 ; 0.42 | 0.31 0.26 0.27 0.38 
DOs x eee te ' 40 27 39! Lieut.G. C. Ha- | Aug. 11-13, | HW.ft 125. 133} 140] 143 | 200 | 280 | 291 
7355 25. nus, U.S. Navy 1885 0.6 | 0.7 0.6] 04. O11 0.2 0.6 | 
| LW.¢ | 300° 300| 300| 287: 275] 140 130 
06/1 0.8 | 07] o4 | o.1 0.2, 0.6 | 
Inside Sandy Hool: .., 40 27 50 , H. Mitchell...... July 10, 15, | HW.t 246! 172; 1821 177 | 165 | 176 | 180 
74 00 56. 26, 1856 0.07 | 0.36 | 0.50 | 0.53 | 0.61 . 0.57 0.48 
| | LW.t 175} 179| 178] 139 | 346 | 341 | 280 
| | 0.40 | 0.25 | 0.21 | 0.07 | 0.09 | 0.20 0.13 
S. of SW. Spit, in 40 28 27 |..... rt fo eerenegrn ter eees July .15-16, HW.t 52 | 69 | 277 | 358 | 208 | 247 | 223 
Ship Channel. , 74 Ol 54 1856. 0.31 | 0.24 | 0.24 | 0.28 | 0.15 | 0.27 ‘0.68 
| LW.t 226 | 260 314 4| 48; 37 | 40 
| 0.69 | 0,81 | 0.40 | 0.51 | 0.62 | 0. 43 ost 
| i 








Directions true unless otherwise noted. 
* Tides at Stamford. ¢ Tides at Sandy Hook. { Tides at Willets Point. 
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Table showing. hourly values of duration (azimuth) and velocity of the current—Con. 


| Solar hours be- 





Solar hours after 


























Latitude fore— 
Station and lon-| Observing party Date Tides 
gitude | 
3 2 | 1 oO | I 2 3 
| 
ee. heey eee, eee, ae = 2 SS Se 
NEW YORK, LOWER : 
BAY—continued. sooo Obkn |Ookm | kn | bn Cien | Oke | bn 
N. of Sandy Hook....| 40 28 30 | H. Mitchell......| Aug.2, July | HWw.* 86 89 | 126 | 128 | 209 | 251 | 256 
74 00 56 10, 15, 16, 1.48 | 1.19 0.78 | 0.7% 0. 81 | I. 24 |r. 38 | 
| | | 23, 1856 I,w.® 60 | 350! 270] 193 12 92} ot 
1,32, 1.21 | 0.73 | 0.73 | 0.78 | 1.39 |1.48 
DO ieee danes cee 40 28 §2)..... CO sissies July 23,Aug.| HW.* Itt 108 | 12% | 184 > 244] 272] 267 
73 59 53 1, 1856 1.68} 1.45 | 1.02 | 0.94 , 1.16 | 1.64 |1.53 
| I,W.* 275 | 283, 264 sia! 185 | 126 [nr | 
1.41 | 0.94 0.48 | 0.52 0.69 | I. 20 |1. 66 
Sie vee ee need Ge cae 40 29 17 | Ensign E. F. Lei- | Aug. 11-13, ' HW.* 133 | 138 130] 130 | 215 | 270 | 280 
73 54. 54|  per,U.S. Navy. 1885 | 0.5 6 6.6 0.4 | 0.1 | 0.3 | 0.6 
— LW.* | 290) 290 290 | 270 ©0255 | 170 | 135 
| 0.6 0.7 07 06' 04/ 02/05 | 
Seicnare eas Seer ee awe 40 30 12 | Lieut.J.M. Haw-'' Aug. 28-30, HW.* 82 110° 106 | 130 | 217 | 254 | 268 | 
74 02 50 ley, U.S. Navy. 1885, 0.7 05 O03] O11, O01 0.4 | 0.6 , 
| LW.* | 268 268, 287] 313, 6] 41] 75 
| | 0.6 | 0.6 | 0.5] 04 #06 | 07] 0.8 
HUDSON RIVER. | ; | 
| Bull's Ferry, off | 40 47 50] H. Mitchell...... | Sept. 26-27, HW.t 25 206 206] I94 200] 200/]..... : 
|  Ninety-sixth street. | 73 58 50 / 1871 . 01) 05! 09] 1.2 1.4] 08] 0.0 
! 1 1Ww.t 2% 832° «(37 37 | 2}..... 
| | 0.5/1.2. 1.5] 1.6. 1.2] 09] 0.0 
Off Verplanck’s Point.| 41 14[42]]..... AOsarccecet Gan Sept. 9, 11. HW.t | 326 326....... 184 184 | 184 | 184 
| ‘| 73 §8[16] and 23,1871 1.0) 0.3, 0.0] 0.7 1.0] 1.0] 0.6 
 LWw.t fc al nena ' 342 | 342) 342 | 342 | 342 
| 0.4' 0.0, 04] 0.9) 09] 1.0] 10 
Off Cold Spring ...... 4 24[S6]]..... do.... .......| Sept. 13-15, | HW.f 353 | 340, 330] 150: 150 160 | 160 
73 57[51] 1871 Ii 0.9 0.4| 0.1 0.6] 09] 0.9 
| LW.t 160 150 |......| 353 353 | 353] 353 
09° 05 O00] 05 og] LE] hd 
Off New Windsor..... 41 28[22]]}..... dO® -uicled kad Sept.rg4and , HW.t+ 40 : 40 20| 165 160] 173 | 165 | 
| 7o oo[ 20] 20, 1871 | 1.2 | 0.9! 04] 02 0.6] 0.8] 1.0 | 
! 1W.t 170 ' 170; 170 15 44 4r | 40 
: | 1.0/ 06 or] 023 o8; 1341.3 
Off Carthage ......... 41 33[23]|..... Oss cwicicnen _ Sept. 19-20, HW.t 45 | 45 : 37 | 200, 230] 2304 217 — 
| 73 $8(32]| 1871 0.9 0.7) 0.2) 0.2} 07] 09] 1.0 
LW.ft 205 | 205; 205 ...... 40 48 | 45 
| 0.9 0.8 0.2 | 0.0/ 0.8] 0.9] 0.9 
ARTHUR KILL. 
' l 
Off Tottenville. ...... 40 31 05 | H. Mitchell | | 
74 15 05 | | 





Off Rossville.......... 
74 13 «15 








Directions true unless otherwise noted. 
* Tides at Sandy Hook. + Tides at Governors Island. 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 



























Solar hours be- 
Latitude fore— 
and lon-| Observing party Date Tides 
gitude 


Solar hours after— 


Station 














HUDSON RIVER—COD. 


Off Island View ...... 


Sk at Oikn | kn | kn | Okn 7 Ckn Ckn ae 
40 3% 56 | H. Mitchell...... Aug. 23,| HW * 200 | 200 | 200! 200 #200 20 | 20 


74 12 28 1856 0.8] 0.8 | 08] 0.6 o2 oO. | 0.6 


LwW.*® 20 20 20 20: wee te _ 200 | 200 
0.7] 09] 09] 05 0.0, 03107 
About 0.4 mi. N.5° W. | 40 37 12 |..... GO 2 seiceeniees Aug. 23,!' HW.* 170 | 170] 170! 170. 1701! 170 | 350 


from Pralls Island. | 74 12 08 1856 1.0] 1.6] 1.5; 1.3 09] 02/05 


359 = 350 | «350 | 170 


05] 08] 1t.0 1 o.9] 0.5] 1.0 
NEWARK BAY. 


Off the mouth of | 40 38 37 |.....do............ Sept. 9, 1856. HW.t 216 
Elizabethport | 74 11 15 , 1.1 
Creek. 36 

1.0 

Abouto.2 mi. W. from | 40 38 50 |..... OGncvesek tee Aug. 16, HW.t 265 

Corner Stake Light. | 74 10 34 10, 1.1 
85 
0.8 

Off Newark, N.J., on | 40 44 16 |..... GOs osieidenk Aug.28,1856. HW.t 135 

Passaic River, at | 74 09 42 


outlet of Morris 
Canal. 


KILL VAN KULL. 


oF 
oS 
r = 
2 < 
+ —- 








| 
About 0.1 mi. S.from | 40 38 27 |..... GO ei eckuk sie ades Aug. 21, 
Bergen PointLight. 74 09 03 Sept. 9, 
1856 
Off Port Richmond. .| 40 38 39 ]..... GOs scans: Aug. 15-16, 
74 07 49 1856 
Off New Brighton....' 40 38 49 |..... GOs ss Sites es Aug. 15,1856. 
74 05 55 | 
CHESAPEAKE BAY. 
Elizabeth River, Nor- | 36 49 41 | J. B. Weir........]| May 20, 21, 
folk Harbor. 76 17 36 1876 











Directions true unless otherwise noted. 
* Tides at Sandy Hook. + Tides at Governors Island. t Tides at Old Point Comfort. 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 


—_—------ 


| Station 


CHESAPEAKE BAY— 
continued. 


Elizabeth River, Nor- 
folk Harbor. 


eee eere rer see eseene 


eee eeenevneseenes 


Approaches to Chesa- 
peake Bay. 


Grove Wharf, James 
River. 


Off Wolf Trap Light 
Boat. 


see ere eee ee ee see eae ee weve 


Near Watts Island 
Light. 


Near Watts Island 
Light. 











Latitude 
and lon-) Observing party 
gitude 
oO , as i 
36 so 31 | J.B. Weir......... 
76 17 14 ! 
36 50 37 /..... GO 305 cktascys 
76 17 45 | 

| 
36 §1 41 |..... OO ose rte 
76 19 05 
36°51 Sa. [ie dO seeks inves 
76 19 32 
37 01 1§ | Lieut. B. F.Sands. 
75 56 90 
3703-37 [32525 JO ts teswessts 
75 54 §0 
37 11 Lieut. J. N. Maffitt. 
76 39 - 
37 23 39 | Lieut. J. 1. Almy.. 
76 99 59 
37 36 49 | Lieut.S. P. Lee ... 
76 10 29 
37 42 25 | G. Bradford ...... 
75 SS $7 
87 44-15) eewns OO once kewies 
75 52 ol 


Directions true unless otherwise noted. 


Date 


May 20, 21, 


1876 


| 


| May 15, 16, 





| 
| 
| 





i 29, 1876 


May 24, 27, 


| 1876 
t 


May 25, 2, 


1876 


Sept. 11-12, 


1851 


Sept. 
1851 


4 


| 





Nov. 
1881 


Nov. 
1850 


May 27-31, 


1881 


g, 10, 


July 31-Aug. 
2, I855 


16-19, 


5-6, 
| 
| 


Tfar.3-Apr. 


23, 


19-20, 1881 


May | 


| 


Tides 


HW.* 


Lw.* 


HW.* 


LW.* 


HW.* 


LWw.* 


HwW.* 


Lw.* 


HW.* 


Lw.* 


HW.* 


1,Ww.* 


HW.* 


I.W.* 


HW.* 


LWw.* 


HW.* 


I,w.* 


HW.* 


LW.* 


HW.* 


LwWw.* 


330 
0.5 


0.6 
310 


130 


eeeese 


eseeae 


| 184 


| 335 


| 216 


eereen 


fore— 


+ 





Okn 


280 1 
0.6 s 


Too 


0.6— 


0.5 


150 


0.7 
310 
0.8 
130 
0.9 
310 
0. 8 


0.9 


0.7 


Solar hours be- 


Okn 
280 
0.5 
100 
0.4 
330 
0.4 


0.6 
| 310 
0.6 
130 
0.8 
310 


130 


eae ee 





Solar hours after— 


Okn 
280 
0.2 


0. 2 
330 
0.3 
150 
0.4 
310 


130 


cee er ele ast eee ee wane 


170 


{ 
0.3 


272 
0. 2 





sepeese 








eeeoee 


170 
0.4 





* Tides at Old Point Comfort. 


2 3 
| 
Cjkn' Clkn 

yoo | 100 
0.5 | 0.6 
280 | 280 
0.3 40.5 
150 | 150 
0.4 | 0.6 
330 | 330 
0.2 | 0.5 
130 | 130 
0.8 | t.0 
310 | 310 
0.5 | 0.7 
130 | 130 
0.4 | 0.8 
310 | 310 
0.3 | 0.6 
160 | 260 
0.2/0.4 

JOO }...... 
0.4 | 0.0 
re 260 
0.0/0.4 
whip ee 70 
0.0 | 0.3 
0.§ | 0.4 
0.7 | 0.6 
176 | 184 
1.0] 1.0 
m1 { 19 
) ip ak ee oe 
165 | 170 
0.5 | 0.5 
340 | 335 
0.4 | 0.6 
228 | 217 
0.§ | 0.3 
48 | 44 
1.2] 0.9 

258 |...... 
0.3 | 0.0 
34] 43 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 


Latitude 
and lon- 
gitude 


Station Observing party 


CHESAPEAKE RAY— | 
i t 


continued. ove 


West of Smiths Island 37 59 25 | Lieut. S. P. Lee.. 
76 og 00 
Near Point Lookout, , 38 00 30 |..... OO kana sea? ees 
Md. 76 17 37 
Near Point No Point .| 38 09 54 |..... OO a ies eae 
76°16 16 
In Hooper Straits ....|; 38 13 14 |..... OO wivicleneetesus 
76 05 50 
Off Cedar Point, Md...| 38 16 41 |..... 0 s340544654 
76 18 13 
Mouth of Patuxent | 38 19 19 |..... ro ee 
River. 76 23 28 
Off Cove Point, Md...| 38 25 47 |.....d0..........-. 
76 22 50 
Mouthof Great Chop- | 38 36 15 | Lieut. McArthur. 
tank River. 76 19 49 
Great Choptank | 38 39 40 j---e. GO iliwitinks 
River. 76 15 00 
{ 
Off Holland Point ....| 38 42 28 Lieut. S. P. Lee. 
76 27 29 
Off Herring Bay, Md .| 38 47 44 ..... rs (ere 
76 26 39 


Directions true unless otherwise noted. 








Date 


Aug. 30, 31, 
1849 


June 25, 26, 
1849 


Sept. 30, Oct. 


1, 1849 


Oct. 
1849 


12, 13, 


July 25, 1848 


July 18,19, 
1848 


.| Oct. 20, 21, 


1849 


18, 19, 
1849 





Solar hours be- 





Solar hours after— 

















fore— 
Tides Se ee 
| 
3 | 2 | 1 ) I 2 | 3 
ee eek —_ 
| | | 
Okn kn | ohn | kn | km | Van | Ske 
HW.* 308 | 311 | 238 | 234] 196] I92 
0.4! 0.2! 0.2 0.4; 04 0.5 
LW.* |...... 182 | 176 | 176 | 94! 94] 277 
0.4 | 0.3} 0.2! O11, 0.31/04 
HW.* | 314] 324, 337 | 347 | 252 234 | 219 | 
0.8 | 0.7 | 0.5] 0.2] o4 0.6 | 0.6 | 
LwW.* 219 | 201 263 | 276 285 | 298 | 310 | 
0.6| 0.2] 0.2] 05] 0.7; 0.8/0.8 
HW.* 28 © | 330] 297] 268; 240 | a11 | 
0.4 0.5 0.4 0.2 0.3 | 0.7 | 0.8 
Lw.*® 211) 184 | 153 | 125 ]...... Jo 38 | 
0.8 | 0.7) 0.5] 0.3 jo! 0.1 Pe | 
HwW.*® 36 29 21 | 200 209 | 218 | 226 | 
0.5; 9.4 ! 0.2, OF 0.4 | 0.5 | 0.5 
LW.* 226 235 | 72} 64 55, 47 39 | 
0.§ | 0.2) 0.2] 04] 0.5 0.6) 0.6 | 
HW.* | 168] 357 | 347) 336] 324, 71) I71 
or] or] 03| 03] 02) Or OF 
Lw.* 171 170 | 170; 169] 169! 168 | 168 
0.8] 0.6] 07, 07] 0.6] 04] 0.2 
Hw.* 247 | 252 | 256] 261 265 50 | 68 | 
0.5! 0.6| 0.6] 0.4] of | 0.2] 0.4 
LW.* 68 7 | 108 |...... 239 | 242 | 246 , 
0.4 0.4) 0.3 00] 0.2 0.4/0.5 | 
HW.* |...... 6 4 21 359] 3587 | 355 | 
0.0/ 03] 0.7} 09] 0.8 | 0630.2 | 
LW.* 355 | 164; 167] 173] 178] 183 | 188 | 
0.2] 01] 04] 0.5] 0.5! 0.4! 0.2 
HW.* 45 42 42 42 leweds « 200 | 211 
1.0| 09] 0.6] 0.4] 0.0 0.3107 
LWw.* 211 | 211 | 200] 200 oa 48 | 
0.7} 08] 05 | 0.3] 0.0] 0.4/0.8 
Hw. go 93 go go 83 BO ts sedis 
0.2] 0.5 | 0.6] 0.6] 0.4] 0.2/0.0 
UWF levee 230 | 255 265 | 267 | 270 | 270 
0.0] 0.2! 0.4| 0.6] 0.6] 0.3] 0.1 
HW.* 182 | 198 1s 15 14 14 | 13 
0.3] O.1 : 0.1] 03] 0.4! 05! 0.5 
LWw.* 13 13 120 rag] 140 | 156 175 
0§| 04] 02' of] 03] of Of 
Hw.* 247 |) 260 | .a53.4 33 27 22. 16 |! 
0.4 | 0.3 0.0. 0.2 0.4 | 0.5 | 0.4 
Iw. 16 Ir 6 274] 265) 258 | 249 
| 0.4 | 0.3 I 


O.1 OL 03 Oa os 


* Tides at Old Point Comfort. 
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Table showing hourly values of duration (azimuth) and velocity of the current—Con. 








Latitude 
Station and lon- | Observing party 
gitude 
| 
CHESAPEAKE BAY— 
continued. ov | 
| Between Tilghmans | 38 50 47 | Lieut. McArthur. 
Point and Mouth | 76 13 4! 
of Wye River. 
In Eastern Bay, Md..| 38 52 24 | Lieut. S. P. Lee.. 
76 17 36 
Off Thomas Point | 38 53 04 |.....do............ 
Light. 76 24 53 
' Baltimore Harbor....| 39 10 08 | F. P. Webber.... 
76 23 46 
dalwnaie a Metis Oh 39°10 49 [ewes dO necese seuss 
| 76 28 14 
' 39 10 4Q |..... COsvexss basen 
76 26 30 
| 
39 1106 se dO ee ea onsen 
76 27 47 
h3Q TT 29: avin CO vaceeuurces 
76 24 00 
39 II 30}..... OG seaawe detest 
76 27 08 
30-18-32 |e scx: CO s.ccssentee’s 
76 25 15 





Directions true unless otherwise noted 























* Tides at Old Point Comfort. 





























cag arch be- | Solar hours after— 
Date Tides ae 

3 2 By OE dt 2 | 3 

a a ee Ft | orn 
| 

Olkn | Clk | CRkn : kn Okn | Okn ike 

June 17, 18, HW .* 1§7 166] 180, 377 ~~ 180 Panwa 3 

1847 0.2 | 0.3 : 0.3 | 0.1 | 0.0/0.1 
Lw * 3 5 10 S| fe) | duets 

: 0.1 0.2! 0.3! 0.4 0.3 0.2! 0.9 

Oct. 15, 16,/ HW.* 18 27 36 46 55 65 | 201 

1849 O.1 | 2] 0.3 0.3 ‘0.2, 01] 0.2 
LW.* 201 | 202] 204 — 206 | 207 |...... 

0.2) 0.4] 05] O05 | 0.4 | 0.1 | 0.0 

Oct. 17, 18,) HW.® |...... 223 3 ro Ir 19 33 

1849 0.1} 0.2, 05 0.6 | 0.8 | 0.9 

LW.* |...... | iB] 14 8 197 | 212 | 206 

07! 05: O02 O82] 03! 04 

June 7-25, |} .HW.t 170 «170 | 170; 170 170 | 170 | 345 

1867 0.4 O§ | 06] 05 0.3] 0.1 | 0.2 

1,W.t 345 . HS | MS) 35 345 | 170 170 

/ 02) O04] 04) 03, O11] 0.2), 0.4 

May 31-|] HW.t : 150 | 1§0 | 150 | 285 285 | 285 | 285 

June 4, 03° #02] O11] 0.2) 0.3] 0.4 | 0.4 

1867 LW.t 285, | 285 285 | 150 | 150 | 150 | 150 

0.4 | 0.3; 0.2 | oO. I 0.3!) 0.3/0.3 

June §, 1867 HW.t 210 210 210' 210! 210 10 10 

0.5 08 0.8: 05 0.2 0.3 | 0.8 

LW.t 10 10 10 10 10 | Pewee 210 

l 0.8 1.01 09] 07) 04 0.0;0.4 
May 30,1867 | HW.t 110 = 110 | 110 | 290 | 290 290 | 290 

| 0.6) 0.§|] 01] 0.2, 03); 04/04 

LW.t | 290, 290] 290|...... | 10] 110] 110 
| 0.4 | 0.3 | 0.2 0.0 | 0.3 | 0.5 | 0.6 | 
June 4, 1867 | HW.ft : 190 | 190 | 190, 190! Ig90]...... 25 
| 0«§, 06] 05] 0.4] 0.2) 0.0] 0.6 : 
I,W.f 25 | 25 25 25 25; 190/ I90 | 

06, 1.0) 09] 0.§, 0.2) 02/05 

May 28, 29,; HW.f | 140 | 140 140 }...... ' 280 ' 280 | 280 
1867 102 02] 01} 00] a1 02 | 0.3 | 
LW.t 280 | 280} 280|...... | $40 | 140 | 
0.3' 03| 02! orf 00] 0.2! 0.2 | 
May 27,1867 | HW.T 70 710k rere 205 | 205 205 | 205 ' 

0.2 | O.1 a0 0.1 | 0.2 rie 

LW.t 205 | 205; 205 :..... 7o | 70 | 70 

; 0.3: 03]; 02] 0.0' 0.2 | 0.3 0.5 

| 














t Tides at Baltimore. 
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Table of harmonic constants—Continued. 
GULF STREAM PERMANENT CURRENT 


[Observations by Lieut. J. K. Pillsbury and Lieut. C. E. Vreeland.) 









































ra | Number 
rautagel Mee | te St eanay ES 
| tions 
| North of Bahama Islands............... 30 §6 1§ | 76 16 10 Apr. 21-22, 1889 ............. 56 0. 67 | 205 
Florida: Sttatt...fscnses ews cew steer yes 26 55 00 | 79 11 40 | Nov. 24-26, 188 9............. 39 0. 54 160 
| DOs cerekcee whem meets sue eec sent eas 25 37 28 | 79 47 24° May 7-16, 1886............6. 68 2.92 188 
DG irae rai scene oe ates in ce lets 25 34 43, 79 28 24, Apr. 6-7, May 3-29, 188s; ' 107 1. 76 | 171 
Mar. 19, 29, Apr. Ig, 1886. ° | 
DOw. 2 ustee esac eeeiawns eS asicinie’ Jad | 25 34 27 | 79 53 34.) May 19-20, 1885; Apr. 7-8, ' 164 3. 28 | 176 
| May 16-30, 1586. 
DO co cena dineelaer ee eink Gee eee 25 34 15 | 79 56 43 May 7-June 1, 1885; Feb. 568 2.57 179 
28-May 29, 1886; Apr. 29, 
1887. 
Doses Pada ele timed tite ceeats 25 34 00 | 79 33 39 | May 5-6, 1885; Apr. 22, 1886. 22 1.88 171 
DG a eee ee ies Gees 25 32 41 | 79 41 13 | Apr. 18, May 1-2, 1855s; May 70 2.64 179 
4-10, 1886. 
Old Bahama Channel................... 22 35 00 | 78 06 30 | Apr. 24-25, 1888; Mar. 27-29, | 161 0. 28 77 
1&89g, | 
' Santaren Channel..................--65- 23 45 00 | 79 25 45! Apr.d-g, 188..... ee 53 0. 08 225 
| Nicholas Channel....................... 23 24 40 | 80 22 10 | Mar. 30-31, Apr. 10-11, IS8SQ. 65 0. §2 | 292 
| Florida Strait so65ccp ete: Sie des 24 OF 00 | 82 28 45 , May g-10, 1887... 20... 24 1.63 , 309 
DO xccnatiecnatt eeietansowneee ene 23 10 35 | 82 29 00 | May 6-7, 188? sos4250s00s e2s 65 | 1,40 , 246 
DGrncceesd eee eet 24 16 00 | 82 29 27 | Mar, 2-3, 1887...... Aaeotae 29 a 267 
| D0 hin cere ec ieeeestsee se: 23 44 20 | 82 30 00, Feb. 12-13, 1887 ......0...., 19 3. 37 264 
DO Goes S ewes eee eect oad 23 18 15 | 82 31 54 Heb. 26-25 INST chee uot ud a7 0.95 247 
D032 53285 ee eee -| 23 27 10 | 82 32 10 | Feb.17,1887................. 16 1,96 | 259 
DOs 6 seco. coe tae gu) Gea lecee Beit 24 02 00 | 82 35 55 , May 4-5, 1887............... 43 0. 27 327 
D005 k eeeteeu seo ee He ' 23 44 30 | 82 36 00 | May to, 1887................ 16 73 297 
DG sic beth is ea eee Wedle smecsa cites, 2g 16-00 |: 82399 27°|) Feb. 1§-16, 1887-006 2.24403 22 0. 30 11g 
DO. 2enseen iat ane es Sot eel DEAT OO!) S24t 25°) PED. 9-10; 1887 6 savas at eewas 7 0. 13 229 
| DOG 124 ed) BREE Sa SAE eek Rios Dok 23 27 50 | 82 41 37.) Apr. 27-28, 1887 ........ Caters 48 2.52 265 
| SW. of Tortugas ...............-0..-.0.. 24 38 10 84 00 00 : Dec. 30-31, IS8g.........-.... 44 0.35 1 
DG. seciesd wenger os eeea rected 24 11 50 8405 05 Dec. 5-6, 19-21, 188 ......... Vit 1.979 341 
| North of Cuba........... Sa tSenatte ts ateree 22 47 00 84 II 50 Dec. 13-14, 188y 
DO ce isedacck exieseent orien, ! 23 12 30 | 84 24 20 | Dec. 15-16, 1859 
Between Tortugas and Cuba............ : 23 32 00 | 84 31 00 | Dec. 16-17, 1859 
DO Wictins sale eee Saguinies ed acu cedseeak | 23 56 40 | 84 32 15 | Dec. 18-19, 1889 











APPENDIX 6. CURRENTS, SHALLOW-WATER TIDES, ETC. 415 


Table of harmonic constants—Continued. 


MISSISSIPPI RIVER PERMANENT CURRENT 


[Observations by H. L. Marindin.] 





Number | 
: Longi- 
Station aes tide Date of ob- | velocity True 
ions 
fe] , v7 ° s ve Knots. Oo 
| 
South West Pass ..................0-000- 29 02 08 | &g 19 43 | Feb. 23-24, Mar. 4, Apr. 4, go | 2.72 42 
1876, 
DO Gieaicie se tecwonces ash sae eae | 29 04 02 | 8y 18 18 » APT. 4, TRO owe Raed sore se 12 2.92, 45! 
DO ied seconde he ehh er die ieeieal Ae eies 29 06 32 89 16 19 Feb. 23-24, Mar. 4, Apr. 4, 167 2.91 | 26 
| 17-18, 1876. 


| 29 12 14 89 16 36 | Febs 14. 18766 ecieiosscsaesen 33 | 2.94 | 335 





YUCATAN CHANNEI, PERMANENT CURRENTS 


[Observations by Lieut. J. E. Pillsbury in 1887.] 


Latitude Longitude | Surface 34 fathoms 15 fathoms 


Number | 






























































; | Udy | Hie Number | | True . True | 
Nort West of obser- ; Velocity . of obser-' Velocity . of obser-| Velocity . 
| vations | | azimuth | vations | | azimuth | vations arhnutn ! 
a dd a | Knots. ! ° | ' Knots. | ° Knots. 4 
21 54 00 RS 11 37 0. 48 | 238 25 | 0.63 potett sees ees 6 OBS chad eta eae: 
21 47 40 85 11 22 65 0. 38 | 309 32 OVAP eect a 8 ©, SO(?2 cise youd 
21 44 40 86 21 I0 . 38 3.01 177 17 S02 oho daen eet 2,80. | 182 | 
21 43 00 85 29 40 | 109 1,16 173 52 | 1.19 tO eereeethag 12 1.16 | 18s 
21 42:15 85 46 25 | 33 1.64 | 179 | 15 EO) steer senso: 2 1.§0 | 163 | 
21 42 00 | 86 of 50 | gI 2:77 185 45 : Dy 2 eee ee eee 11 2. 36 | 8s | 
i 1 i 
ae = ee - , so = deeds Ee 8 ores SS ee es,” ees ee ee Sa ee Se ee ere at tp ey = 
Latitude | Longitude | 30 fathoms 65 fathoms 130 fathoms 
Peas aca (ieee : baa: a ee Pee | 
| Number | Number | N | | 
| um ber 
North West of obser- Velocity . True of obser- Velocity _ [Tue of obser-. Velocity True 
ations i azimuth vations | ” « azimuth wations azimuth | 
ie eS en Re Knots. | ° _ Knots. 2 a Knots. 2 
21 54 00 R5 11 37 5 O05 F900?) nes eas eens 6° 0, 60(?))...... cece s) 0. 40(?)|.... 22.000. 
21 47 40 85 11 22 7 | 0.71 242 : | 0. 64 309 7 O:40(7)) kscnessaws | 
21 44 40 86 21 10 4 2. 80 182 4) 2.35 182 4 2.12 193 
21 43 00 §5 29 40 12 1sa2s Ig! I 1. 30 179 11 | 1.02 179 
21.4215 | 85 46 25 3 1.55 1§t 4 1.56 179 3 1.13 174 | 
86 o1 50 10 PIO 25 ba oa 8S 10 1.85 185 
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CHAPTER VII. 


TIDAL CURRENTS IN RELATION TO MARINE ENGINEERING. 


98. Upon comparing rivers which discharge into inland seas with those discharg- 
ing into tidal waters, it will at once be noticed that all estuaries belong to the latter 
class. Bars resulting from the deposit of alluvial matter are frequently found at the 
mouths of rivers of both classes, but deltas are more characteristic of rivers discharg- 
ing into bodies of water having small tides. 

It will be noticed that narrow straits connecting the ocean with bays, harbors, 
ports, or so-called lakes are frequently much deeper than the near-by waters off either 
end. Where the water is shallow and the current strong, as at the mouth of an estuary, 
the material easily moved will arrange itself in ridges extending in the direction of the 
flood and ebb. For, an obstacle upon the bottom will cause a deposition on either side 
of it—on the one side during the flood and upon the other during the ebb. In a some- 
what similar manner a cape, around which the current flows, may be extended intoa 
hook, the hook extending toward the inward side protected from the action of the 
waves; or it may protect, as it were, a narrow shoal. Again, if rocks are scattered 
over a bottom easily eroded, the eddying effect of the impinging streams will produce 
an excavation upon either side of the rocks. 


99. Tidal rivers.* 


The scouring action of the tide goes on more or less at all parts of a river; the 
eroded matter is, upon the whole, driven seaward because the ebb stream is some- 
what stronger than the flood stream owing to its smaller cross section and to the natural 
discharge of the river. The portion of the river meeting the ocean is often more favor- 
ably situated for scour than the other portions owing to the facility with which the 
eroded matter, much of which is held in suspension, can be dispersed through the 
action of the waves and currents; hence, the greater depth between the capes. Where 
the ebb stream loses a large portion of its velocity, matter driven or carried by the 
water will be deposited. Asarule,a bar will thus be formed off the mouth of the river. 
The action of the waves will take away the soluble matter, leaving the bar composed 
mainly of sand and shingle. 

Tidal currents whose direction some distance offshore is that of the general shore 
line, are of great importance in preventing the formation of a bar. For example, the 
rivers discharging into Chesapeake Bay have no bars, because the tidal streams of the 
bay, although not strong are yet sufficient to drive away any accumulation off the 
river mouths. Again, the tidal streams of the North Sea prevent the formation of 
bars off the estuary of the Humber and the Wash. On the other hand, stationary tidal 
waves in which the particles move to and from the shore permit the formation of bars 





*For the law governing the forms of tidal rivers under certain conditions, see section 33. 





APPENDIX 6. CURRENTS, SHALLOW-WATER TIDES, ETC. 423 


and deltas. For example, the Atlantic coast of the Southern States, northwestern 
coast of Brazil, the coasts of India. (See Figs. 14, 22, 16, Part IV B.) 

As a rule, bars do not occur as frequently off broad estuaries and bays as off rivers 
and estuaries of moderate width. The broader the estuary the greater is the dispers- 
ive effect of wind waves and littoral currents. On the other hand, an island or shoal 
lying a short distance offshore and to the right or left of the estuary might cause a bar 
to be formed, even where the currents along the shore are considerable, because the 
effect of these currents 1s much reduced by the intervention of the island or shoal. 
Similarly for a cape or headland extending outward from the shore. 

Sand will be driven along the bottom if the velocity there be 0.4 knot; fine gravel, 
if about 1 knot; shingle, about 1 inch in diameter, if 2.5 knots; angular stones, about 
14 inches in diameter, if 3.5 knots. 

The wind waves play an important part by disintegrating the rocks along the 
shore and driving about beds of sand and gravel lying beneath the shallow waters. 
Such effects may even close up the mouths of small streams and divert the lower part 
of their courses. 


- 


100. On the training of tidal rivers. 


In training a tidal river so as to aid in the production and maintenance of a good 
depth, two things are of prime importance: 1° The elimination of irregularities of shore 
line and of depth; 2° the conserving of the tidal volume. : 

(1) Irregularities of shore line may be gradually effaced by means of groins extend- 
ing outward from the banks toward the channel. These may be extended from time 
to time as the material deposited through their agency accumulates. Finally, when 
the channel becomes sufficiently regular a permanent wall along either bank, and 
connecting the extremities of groins,, should be constructed. This greatly reduces all 
minor irregularities which the groins alone would occasion. 

The river thus brought to a channel having regular banks will exert a scouring 
effect upon irregularities of depth. However, on account of the hardness or compact- 
ness of the river bed some dredging is generally required. With the river properly 
trained laterally, the work of dredging is greatly facilitated by the increased scour of 
the stream. 

It is evident that a training wall or pier should extend seaward to deep water, 
otherwise it will act as a groin in impeding the littoral currents and causing a deposit to 
be formed in the. channel near its mouth. 

Unless the piers are to form a harbor of refuge and a protection for the entrance to 
the river, they should not converge but rather should diverge 1n a manner somewhat 
analogous to the banks of an estuary; for, besides causing swift currents at the outer 
ends, a too narrow opening greatly impedes the entrance of the tidal wave. This 
‘remark does not apply toa basin-like harbor, which is in no sense a tidal estuary. In 
this case the motion through the entrance to the harbor will be chiefly hydraulic in 
character. Converging piers are then advantageous, because the area between them 
constitutes an addition to the impounded water, and because the narrowness of the 
entrance enabies the tide to there exert a scouring effect in the channel. 

In some instances one sea wall may be a sufficient protection for the channel. 
This should be situated upon the side exposed to drift whether resulting from wind 
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or tide or other current, and should generally be concave toward the protected channel. 
The outer end of the wall, which should reach deep water, therefore trends in approx- 
imately the direction of the movement of the littoral current. Some engineers do not 
follow this rule of making the jetty concave toward the channel. See a paper by 
T. W. Symons and discussions thereon, in the Transactions of the American Society 
of Civil Engineers, Vol. 36 (1896), pp. 109-138. 

Where the tide is of little consequence in comparison with the current proper of 
the stream, parallel walls or jetties are commonly used for deepening the channel by 
scour and with good results. Such are the jetties constructed by James B. Eads at the 
outer end of South Pass of the Mississippi Delta. The channel thus narrowed quickly 
increased in depth. The jetties cause the deposits of the river to be made so far out 
from the Delta that littoral currents are highly effective in transporting the material 
elsewhere. 

In some cases no sea wall need be constructed if advantage is taken of the most 
natural course of the streams through the shallow bay or estuary. The main channel 
of the stream having been selected, all shallow portions of its bed are deepened by 
means of dredging, and the material taken out used as advantageously as possible in 
building up shoals or closing up undesirable passages. The improvement of the 
entrance to New York Harbor on a plan proposed by Major (now General) Gillespie is 
a conspicuous example of this method. 

(2) The deepening of the channel permits the tide to flow with less resistance, 
and so the range may be increased in the upper portion of the river. An increased 
range means an increased tidal volume available for scouring. This often means 
greater velocity for the water particles. In fact, by (142), 


g | - 
v=tyly 


where € is the height of the tide above the undisturbed surface—that 1s, the velocity 
of the current is directly proportional to the amplitude of the tide and inversely 
proportional to the square root of the depth. Hence, whether or not the velocity at 
any section will be increased, depends upon how the amplitude of the tide is affected 
by the increase in depth. | 

If the river and estuary are so short and so formed that the tide wave is largely 
stationary, the velocities in some portions may become greatly reduced. The training, 
deepening, and extension of the tidal river will cause the tidal movement to be 
propagated with less irregularity and the current to become generally stronger. 

If, however, it is not possible to extend the tidal river, as would be the case where 
rocky formations occur near the head of tide water, it becomes especially important 
to preserve broad flats as tidal reservoirs. Being usually covered with vegetable 
growth they offer no serious menace to the near-by channels. 

In some instances artificial tidal reservoirs are used for flushing out channels or 
harbors.* By means of gates a large volume of water from the reservoir can be made 
to flow out in a comparatively short time, thereby making the scouring effect considerable. 





* Thomas Stevenson: The Design and Construction of Harbors, 3d ed., pp. 301-305. 
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A lake-like broadening of a tidal river is generally serviceable in maintaining the 
depths at the portions of the river below it. However, the broadening and subsequent 
contraction should, if possible, be gradual, in order that no great amount of energy be 
lost by the change of cross section. 

The following tidal rivers or estuaries along the coasts of the United States have 
bars off their mouths: Connecticut River; Hudson River; Winyah Bay; Charleston 
Harbor; Stone Inlet; North Edisto River; St. Helena Sound; Port Royal Sound; Tybee 
Roads; Savannah River; Ossabaw Sound; St. Catherine Sound; Sapelo Sound; Doboy 
Sound; Altamaha Sound; St. Simon Sound; St. Andrews Sound; Cumberland Sound; 
Nassau Sound; St. Johns River; Mississippi River; Brazos River; Coos Bay; Columbia 
River; Willapa Bay; Grays Harbor. Nearly all of these bars have been improved by 
dredging and jetties. 

The following are a few references to papers and books relating to the improvement 
of tidal rivers and harbors: ‘ 

D. Stevenson: Canal and River Engineering. 

E. L. Corthell: A History of the Jetties at the Mouth of the Mississippi River, New 
York, 1881. 

Thos. Stevenson: The Design and Construction of Harbors, Edinburgh, 1886. 

L. F. Vernon-Harcourt: The principles of training rivers through tidal estuaries, 
as illustrated by investigation into the methods of improving the navigation channels 
of the Estuaries of the Seine, Proc. Roy. Soc. of London, Vol. 45 (1888-89), pp. 504-524. 

W. H. Wheeler: Tidal Rivers, London, 1893. 

Maj. C. E. Gillette: Seacoast Harbors in the United States, Trans. Am. Soc. of 
Civil Engineers, Vol. 54 (1904), Part A, pp. 297-324, also papers and discussions by 
others, Ibid., pp. 325-451. . 

J. N. Schoolbred: The tidal régime of the River Mersey, as affected by recent dredg- 
ing at the Bar in Liverpool Bay, Proc. Roy. Soc., Vol. 78 (1906), pp. 161-166. 

The reports of harbor commissioners of various cities and states contain many 
details bearing upon this subject. 


101. Harbors, bays, or lakes connected with the sea by means of a narrow strait. 

Knowing the rise and fall of tide off the outer end of the strait, also the dimensions 
and depths of the strait and inner body, it is not difficult to ascertain the velocity in 
the strait at any time, provided that the inner body is sufficiently deep in comparison 
with its horizontal dimensions for remaining sensibly level and the strait is*but a small 
part of a wave-length long. For then the motion will be nearly steady and Bernoulli's 
theorem with resistance will apply. See sections 104-106, Part IV A, and sections 
9, 15-17, Part V. 

If ¢,, S,, denote the heights of the surfaces of the outer and inner bodies, then 

I 


C= J29X Vo,—©,,X Vi LP - 
1+ ’-— 
0 


The average value of /2g is 8.0215. The empirical coefficient ¢’ is, according to 


K@) 
Eytelwein, 0.007565; other values are given in section 8. Pp, the hydraulic mean 
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0) 
depth, is, for most straits, nearly the average depth, or ? b denoting the breadth at the 


- §P., ' 
surface. If the value of | iS many times unity, as might be the case in a strait of 


considerable length, the above reduces to Chézy’s formula 





v=cymean depth x slope of surface ’ 
wherein c=92} if ©’ has Eytelwein’s value. : 

When the dimensions and depths are such that at any given time the flow through 
the strait is not practically steady, the prope becomes one of great difficulty, and 
will not be considered here. 

In soil which is easily eroded, the swift currents produce and maintain a deep 
tideway between the outer and inner bodies. Off the outer end of the strait a bar is 
generally formed, and in some instances off the inner end also. Dredging is usually 
required at the bar, and ‘the channel thus constructed should be protected by jetties 
against detritus from the neighboring banks and shoals. The jetties should be parallel 
or slightly convergent and should extend outward into as deep water as may be prac- 
ticable, in order that the subsequent dredging may be reduced to a minimum. 

The action of the waves upon the beach may cause fine matter to become suspended 
in the outside water. The flood stream thus discolored will, upon passing the strait, 
deposit this fine material upon the bottom and shores of the quiet inner body. The 
ebb stream will be comparatively clear. Thus it is seen that lagoons along the coast 
may receive sedimentary deposits from the waters outside as well as from the fresh-water 
streams which may discharge into them. 

- Examples of erosion in straits—Lake Pontchartrain and the Rigolets passes. The 
elarger pass at one point reaches the extraordinary depth of 95 feet, and the smaller one 
(Chef Menteur Pass) the depth of 90 feet. A bar covered by from 1 to 6 feet of water 
lies off the inner ends of the passes. Rockaway Inlet, leading to Jamaica Bay, New 
York, is at one point 57 feet deep, while the depth across the bar ranges from nothing 
to 16 feet. The average depth of San Francisco Bay is less than 10 fathoms. At its 
narrowest portion the depth of the Golden Gate reaches 60 fathoms. A nearly con- 
tinuous bar, covered by from 4 to 6 fathoms of water and having a semicircular form, 
lies to the west of the Golden Gate. The center of the circle is 4.8 miles from Fort 
Point, and the radius is 2.7 miles. 

Other examples along the eastern coast of the United States are Robinsons Hole, 
Massachusetts; Hatteras Inlet; Ocracoke Inlet; inlet opposite Beaufort, N. C.; New 
River Entrance; Cape Fear River Entrance; Boca Grande; Charlotte Harbor; West 
Pass, Apalachicola Bay; entrance to Pensacola Bay; entrance to Mobile Bay; Grand 
Pass, Barataria Bay; South West Pass, Vermilion Bay; entrance to Galveston Harbor; 
Pass Cavallo; Aransas Pass; Corpus Christi Pass. All of these inlets have bars outside 
the capes; in numerous instances they have been improved by dredging and the con- 
struction of jetties. 


102. Destructive effects due chiefly to wind waves. 


The destructive effects of the waves during severe storms upon an exposed coast 
line are frequently so great as to cause much alarm in the locality affected, and to 





— 
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justify the expenditure of large sums of money in preventing them. The power of 
waves to tear down land is made far more effective where a littoral current, tidal or 
otherwise, is sufficiently strong for carrying away much of the matter thus brought into 
the reach of the sea. Where no such current exists, the tendency to form a protecting 
shoal along the exposed coast is greatly increased. 

According to’ an estimate of Prof. W. M. Davis, all of the mainland of Cape Cod 
Peninsula north of the bend will be consumed by the waves in eight or ten thousand 
years. 

According to Edward A. Martin, F. G. S., the coast denudation for England has 
amounted to 41378 acres in thirty-three years (1867-1900). 


103. The formation or arrangement of shoals. 


Through the encroachment of the sea upon the land, particularly noticeable after 
heavy storms, the near-by waters become discolored by the ‘soluble ingredients of the 
soil, while the heavier matter remains on the bottom, comparatively near to the scene 
of theerosion. In this manner beds of sand and shingle are formed. 

Immense quantities of alluvial matter are brought to the shallow waters of the sea 
through the agency of rivers. Besides forming shoals and bars off the mouths of these 
streams, aS was mentioned in section 98, this material, through the action of the waves 
and currents, is scattered and transported to near-by localities favorable to the formation 
of shoals, islands, and shore extensions. It is, however, difficult to say how much of the 
material composing the shallow bed of the ocean adjacent to the shore is transported 
from river mouths and how much is due to the degradation of the coast line. Maps of 
soundings constitute almost the only guide in this matter. It will be noticed that the 
alluvium in the littoral waters, which is continually forming shoals and lowlands, 
is especially abundant in the vicinity of river mouths. 

The effect of currents becomes conspicuous only where their velocity at the bottom 
is in excess of 0.3 knot. Shoals thus formed, or at least modified, often appear as ridges 
whose direction coincides with the lines of flow of the maximum current. Any sunken 
object may serve as the nucleus of a detached shoal. The sand driven along the even 
bottom will be arrested if it come in contact with an object constituting an irregularity 
inthe bottom. Both flood and ebb currents may bring up sand, and from both directions. 
Such shoals occur in the following localities: In the North Sea, especially off Lincoln, 
Norfolk; in the Thames Estuary; off Belgium and between Holland and Norfolk; 
_ southeast of Nantucket Island, Massachusetts; south of Cornfield Point, Connecticut; 
eastern end of Vineyard Sound; Lower New York Bay; Delaware Bay; off Chincoteague 
Island; Chesapeake Bay Entrance; Essequibo River; and the Gulf of Cambay. 

As time goes on, shoals of this kind may rise to the surface and become low, flat 
islands. But even before they reach the surface the ordinary action of the wind waves 
may be to drive the sand higher and higher upon the shoals, and so to facilitate their 
growth, just as heavy matter is being continually washed ashore. 

A cape or point sometimes serves to check the motion of the water, and thus aid 
in the formation of a shoal,—e. g., shoal northeasterly from Great Point, Nantucket 
Island; Hen and Chickens Shoal, Cape Henlopen; and Hampton Bar, Old Point Comfort. 
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104. Luttoral drift, deposition, and beach formation. 


In driving material along the foreshore, the influence of the flood stream is much 
greater than that of the ebb, and so, asa rule, determines the prevailing direction of the 
drift; for, the material available for transportation results from the disintegration of 
rocks and soil, which process goes on above high-water mark, and is by the action of the 
destroying waves brought more within reach of the flood stream than within that of 
the ebb. Littoral drift is frequently due chiefly to the repeated impacts of wind waves. 
In fact, stones more than an inch or two in diameter could seldom be moved by tidal 
currents alone. Moreover there is abundant evidence of such drift in tideless lakes 
and seas. Wind waves deposit sand and stones upon the shore because the material 
driven along the bottom beneath the crest of the wave continues to advance as long as 
the water immediately surrounding it moves shoreward. 

In this way sand and stones are driven high upon a shelving beach, the kinetic 
energy possessed by the moving material and surrounding water being consumed or 
converted into potential energy in the process. The receding wave can not move all of 
the stony material thus brought in, because energy must be consumed in moving and 
imparting velocity to it; the returning current is too feeble at and near the highest 
point reached by the wave to produce the necessary impact. 

Whether matter is held in suspension or driven along the bottom, deposition will 
take place whenever the velocity of the water becomes sufficiently reduced. There- 
fore, if any current follows the shoreline and if groins or piers be extended outward, 
comparatively still water will be found between the groins; and in the course of time 
solid matter will there be deposited. In this way the lines of high and low water may 
be carried seaward. 

If a straight sandy coast turns suddenly away from the sea, a sharp point or narrow 
arm may spring from the angle and take the original direction of the coast, although 
ics extreme tip, forming a hook, may be continually directed inland, receiving its direc- 
tion from the flood tide or incoming waves. 

The streams along the coast following the general direction of a growing arm can 
not turn aside immediately upon arriving at its extremity. There comparatively slow 
streams and even eddies favor the growth of the arm. <A hook results when the end of 
the arm is so rounded off that the flood stream can follow it well and so drive matter 
inward before losing too much of its velocity. The effect of the ebb is to turn the hook 
in the opposite direction or outward. Hence, when the rise and fall of tide is great, thc 
effect of the flood (where the tide is progressive) upon the foreshore will exceed that oi 
the ebb and there will result a hook turning inward. But where the rise and fall of the 
tide is not great (or where the tide is stationary), aslender arm may be extended through 
shallow water and form a nearly straight beach, although the advancing end will often 
be turned slightly inward; e. g., Rockaway Beach and Coney Island. When a hook of 
considerable extent is formed at the end of the arm, the effect will be that of a receding 
shoreline, and under some suitable circumstances another and much smaller arm will 
be formed following the direction of the outer shore of the main arm. This will grow, 
and finally become hooked. Another slender arm may form an extension of the outer 
shoreline; and so on. The result will be an arm whose outer shore is nearly straight 
while the inner shore is indented with bays. Sandy Hook is an example of this mode 
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of growth. The deep water east ot this peninsula indicates that the tidal streams in 
conjunction with the winds are responsible for its origin and growth. But Mitchell 
says (p. 108, Coast Survey Report, 1873): 

The material forming Sandy Hook is swept up from Long Branch coast by the diagonal wash of 
the sea. This was placed beyond dispute by my observations of 1857. Materials of the same specific 
weight as the sand were placed in the sea at many different points down the outside shore, and at differ- 
ent distances off shore. Those within the action of the waves breaking near the shore were swept along 
to the northward, and finally collected at the point of the Hook. Those placed far off shore never 
came to land, so that I concluded that the tidal currents took very little part in the transaction. 

In these cases of shore extension it is almost certain that the wind waves play an 
important part both by facilitating littoral drift and by building slender strips or beaches 
in shallow waters, as will be presently described. That the extremities of beaches hook 
or turn inland does not prove that their extensions are due to the flood tide; for, similar 
forms occur around the Great Lakes and the Black Sea. Moreover, large waves, which 
chiefly cause the drifting of material, can only arise when the ‘‘fetch’’ is considerable, 
which implies an on-shore wind. 

Generally speaking, beaches are formed by the action of the waves in shallow water 
upon the detritus there occurring. The result is a slender strip of sandy beach remark- 
able for its straightness, particularly upon its outer side. The axis of such a beach 
generally follows what probably was a contour line before the existence of the beach. 
For the ocean, this contour line probably lay 4 or 5 fathoms below ordinary low water; 
for the Gulf of Mexico 3 or 4 fathoms, and for shallow bays 2 or 3 fathoms. Why 
a shoal should originate in waters.of these depths is a question difficult to answer 
with certainty; but the following is probably a partial explanation: 

Owing to the shelving character of the sea bottom along the coast, an on-shore 
wind will cause the surface (troughs and crests of waves being averaged) to assume a 
slope. This will cause the water at the bottom to flow seaward.* This seaward current 
becomes feebler as the water becomes deeper. At some depth it will fail to drive sand 
before it, deposition will take place, and a bar be formed along a certain contour line. 
As the bar grows in height, the current may be somewhat stronger than before immedi- 
ately over the bar, but the bar itself would serve to intercept the detritus while being 
driven seaward. Finally, when the shoal approaches the surface of the water, the waves 
become more like waves of translation and throw up sand and other material as if 
breaking upon the original shoreline. Such waves produce an evening and compacting 
effect, thus explaining why the outer side of a beach is more regular than the inner. 
If separate islands are formed, currents will aid the wind in joining them together 
through process of beach extension. 

The beaches in the following localities are examples of those probably formed chiefly 
by the waves, but usually modified or cut by the tidalcurrents. At the mouths of rivers, 
bays, and harbors, beaches extend from the land. Besides the deposition received from 
the recoil or wind waves, another usually occurs as a result of wind waves and current 
driving material along the margins of the narrow strips of land, causing extension: 

Islands of Nantucket, Chappaquiddick, and Marthas Vineyard; southern coast of 
Long Island; the coast of New Jersey; the coast of North Carolina; the coast of 
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* Cf. Thomas Stevenson: The Design and Construction of Harbors. 3d Ed., pp. 300-301. 
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Louisiana; the coast of Texas; Bolinas Lagoon; Humboldt Bay; Coos Bay; Tillamook 
Bay; mouth of the Columbia River; Willapa Bay; Grays Harbor; Drayton Harbor; 
Port Clarence; southern coast of England. . 

If but one cape at the entrance to a bay or river receives an extension, this arm 
may crowd the channel up close to the opposite bank or even move the mouth of a 
river some distance along the coast. E.g. Beach at Yarmouth; Oxfordness Beach; 
beaches at the mouths of several rivers in Oregon. Great Point, Nantucket Island, 
is a beach extension. It is probable that sand and other material is not driven along 
the eastern foreshore of the island by tidal currents alone, but that the impact of the 
wind waves continually drives loose objects northward. Lieut. Charles H. Davis, 
U. S. Navy, has mentioned several wrecks on the southern shore of the island, and 
called attention to the fact that coal and even bricks from the wreckage were found 
inside of Great Point.* These could not have been driven along by tidal currents. 

In the following localities are beaches (bars) formed almost wholly by wave action, 
including beach-extension processes: Sea of Azov; northern portion of the Black Sea; 
Mediterranean shore east of Alexandria; Prince Edward County, Sodus Bays, Toronto 
Harbor, and Burlington Bay, on Lake Ontario; Erie Harbor, Long Point Bay, Point 
Pelee, Sandusky Bay, and Maumee Bay, on Lake Erie; Tawas Harbor, Lake Huron; 
. eastern and southern shores of Lake Michigan; Chequamegon Bay and Duluth Harbor, 
Lake Superior. 


105. The formation of spits or submerged capes. 


A sandy cape or point upon an alluvial shore is generally supplemented by a shoal 
or spit extending outward to a considerable distance from the land. The littoral tidal 
currents have their velocities suddenly diminished in passing the cape, because they 
are there largely deflected and turned into deeper water. By virtue of both flood and 
ebb, the spit generally takes a direction nearly normal to the coast line at the cape, 
thus differing from a beach extension. But these two classes of points are not always 
distinct, because a shore extension originates at an angle in the coast line. As time 
goes on more sand is deposited upon the point and shoals, and in this manner the point 
continues to grow until other agencies or altered conditions cause the growth to cease. 

Shoals of this character extend outward from Capes Hatteras, Lookout, Fear, 
Romain, and Canaveral, the character of the coast favoring the formation of detritus 
necessary in the building of shoals. - , 

Examples of smaller shoals off capes and even off gentle curves in the shore line 
which may deflect the streams outward may be found along the northern shore of Long 
Island. Examples of slender capes, formed like beaches chiefly by wave action, occur 
around the Peconic Bays and Gardiners Bay, Long Island. 

If a spit occurs at the junction of two tidal rivers, it may be regarded as the only 
portion of a bar off the mouth of the smaller river which the larger river will permit 
to remain owing to its own considerable currents. 

Examples of such spits are: York Spit; Rappahannock Spit; off Cape Virgenes, 
Argentina. . 














* A memoir upop the geological action of the tidal and other currents of the ocean. Memoirs of 
the American Academy of Arts and Sciences, Vol. IV, 1849. 
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Nearly all matter deposited along rocky coasts is to be found in bays where the 
velocity of currents is diminished. 

The following are a few papers relating to changes in shore line and the formation 
of beaches: | | 

H. Mitchell: U. S. Coast and Geodetic Survey Reports: 1871, Appendix 9; 1873, 
Appendices 9, 10; 1876, Appendix 9; 1886, Appendix 8; 1887, Appendix 6. 

H. L. Marindin: Ibid., 1889, Appendices 12 and 13; 1891, Appendix 8; 1892, 
Appendix 6; 1896, Appendix 8. 

G. K. Gilbert: U.S. Geological Survey Report, 1883-84. 

_W. M. Davis: The outline of Cape Cod, Proceedings of the American Academy of 

Arts and Sciences, Vol. 23 (1896), pp. 303-332. 

E. A. Martin: Coast denudation in England, Knowledge, Vol. 3 (1906), pp. 348-350. 


106. Why deposition takes place near the inner shore of a bend: 


If we take, by way ot experiment, a circular vessel partially filled with water, we 
can, by moving a paddle round and round, soon set up a circular motion or vortex. If 
finely divided material like corn meal or fine sand be scattered upon the moving liquid, 
it will before long be found to be collecting at the center of the bottom. An inspection of 
the paths of these particles will show that they are driven along the bottom spirally toward 
the center. The explanation of this is that because of the friction of the bottom on the 
liquid, the motion is there somewhat reduced in amount. If there were no resistance 
in the vessel, the surface would be in equilibrium with the force of gravity and the cen- 
trifugal force. Since resistance exists, particularly at the bottom, the centrifugal force 
is there less than at the surface. The surface adjacent to the vessel is lowered, because 
of the decreased motion of the underlying strata. Hence it is no longer in equilibrium, 
but its particles tend outward. Since the surface along the vessel is elevated too much 
to correspond with the centrifugal force due to the smaller velocity near the bottom, 
an inward pressure gradient must exist at the bottom. Hence the inward velocity. 

If the velocity set up is ascertained by observing particles on the surface of the 
liquid, it will be found that the theoretical height, section 12, Part IV A, is not realized. 
This discrepancy is due to the fact that the velocities below the surface are considerably 
reduced. 

Now, the outer shore of a bend in a river corresponds to the edge of the vessel of 
water, while the inner shore corresponds to an imaginary boundary of the central area. 


107. Power contained in the tide. 


If a natural or artificial reservoir be connected with a tidal body by a narrow 
channel or sluice, a considerable difference in level between the surfaces of the two 
bodies will generally exist. This difference reduces to zero once on each rise or fall of 
tide. If the surface of the reservoir rise or fall 1 foot, it will absorb or give up 


(5280)? X 64 = 1,784,217,600 (3Q2) 
foot-pounds of work for each square mile of impounded areas, or 
(6080)? X 64 = 2,365,849,600 (303) 


toot-pounds for each square nautical mile, 64 pounds being the assumed weight of a 
cubic foot of sea water. 
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The average available fall is generally much less than the range of tide in the reser- 
voir; for, even with sluice gates making it possible to fill the reservoir at nearly the 
time of outside high tide and to empty it at nearly the time of outside low tide, the 
average fall for any considerable period of filling or emptying will be much less than 
the range of tide. When no gates are employed, the difference in level between the two 
water surfaces at any given phase of tide can be computed by means of section 9, Part 
IV A. If the inner body is so large and so shallow that its surface does not remain 
practically level, then the question of available height difference becomes more com- 
plicated. A large natural body of water used as a tidal reservoir. would generally pre- 
sent difficulties of this kind. 

One horsepower requires 550 foot-pounds of work per second, or 1,980,000 foot- 
pounds per hour or 24,592,790 foot-pounds per half tidal day. 

Hence, 1 foot of available fall between reservoir and sea, occurring four times 
daily, has a maximum possible yield of 145.100 horsepower for each square statute mile, 
or 192.402 for each square nautical mile. 

Some natural bodies of water suitable for tide mills are St. John River, New 
Brunswick; Great Bay and Piscataqua River, New Hampshire; Vancouver, British Co- 
lumbia; Burrard Inlet and Narrows, British Columbia. 

In estuaries, broad rivers, and shallow bays, artificial bodies of water can generally 
be formed by means of piers or dikes built across the tidal flats and more or less extended, 
according to the shape of the coast line. 

The following are a few references to the subject of tide mills: 

Lord Kelvin: Popular Lectures and Addresses, Vol. II, pp. 437-440. 

W. H. Wheeler: A Practical Manual of Tides and Waves (1906), pp. 170-173. 
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CHAPTER VIII. 
CIRCULATION OF THE SEA, AND ANNUAL INEQUALITY IN THE TIDES. 


108. General causes of the winds. 


The heat of the sun causes expansion in the lower strata of air, especially in the 
Torrid Zone. These cause all superincumbent strata to be elevated above their equi- 
librium levels. By considering a surface of equal pressure in the higher regions of the 
atmosphere, it will be seen that the surface must dip poleward, and so the fluid particles 
at high altitudes must move away from the equator. (See Figs. 18 and 19.) 

In section 11, Part IV B, it is shown that a body moving in the Northern Hem1- 
sphere is deflected to the nght, while a body moving in the Southern Hemisphere is 
deflected to the left. Consequently, a body moving from the equator toward either 
pole is deflected to the east. According to this reasoning, the winds in the upper 
strata of the atmosphere of the Northern Hemisphere should blow from the south in 
the equatorial regions and southwest and west in higher latitudes; for the Southern 
Hemisphere the winds should blow from the north, northwest, and west. This is some- 
what at variance with experience, especially in the lower latitudes. 

‘The outflow of the air from high altitudes of the equatorial regions tends to dimin- 
ish the pressure observed there upon the earth’s surface. This is seen very near the 
equator, where the eastward motion is theoretically small, and so does not tend to crowd 
the matter toward the equator as much as does such motion a little farther north or 
south. 

At the equator and at the poles the meridional motion of particles must be in 
general comparatively small, since these places mark the limits of the excursions of 
the particles. Now, the deflecting force due to the earth’s rotation varies with the 
velocity of the particles and the sine of the latitude conjointly. The effect of this 
force upon the general circulation of the atmosphere is to so divert the pole-seeking 
particles in the various latitudes that the attainment of velocities exceeding certain 
values becomes impossible, and consequently to hold a quantity of the upper atmos- 
phere near the equator which would otherwise have gone toward the poles. The 
velocities of the general atmosphere diminish as the equator is approached, and so 
in the tropical regions the deflecting force in the higher strata must be very small. 
From observation it is known that in the Northern Hemisphere a belt of high pressure 
exists having, over the oceans, its axis along approximately the thirty-fifth parallel of 
latitude, while the similar belt in the Southern Hemisphere follows approximately the 
thirtieth parallel. To restore the air carried poleward in high or tolerably high alti- 
tudes, return currents of less altitude are necessitated. Between the ridges of high 
pressure the countercurrents extend to the surface of the earth, and being deflected 


westward by the earth’s rotation, produce the trade winds. 
12770— 07-28 
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The belts of high pressure cause the lowest lavers of the return current in the 
near-by regions of higher latitude to reverse, and for some distance, to move pole- 
ward. It is thus seen that, in the tropics the winds experienced at the earth’s surface 
are counter currents of the movements in high altitudes, while just outside the sub- 
tropical high-pressure areas a portion of the countercurrent is reversed. 

The connection between wind and pressure at the earth’s surface is generally such 
that the air is flowing away from a high area and toward a low area, but the directions 
of the movements are greatly influenced by the deflecting force of the earth’s rotation 
acting upon the moving surface air and upon the air in higher altitudes. In fact, the 
movements of air are often the cause rather than the results of pressure gradients. 
Near a region of low pressure the directions of the motions may nearly coincide with 
the directions of the isobars, but farther away directions become approximately normal 
to each other. 

The alternate heating and cooling of large continental areas involves a falling and 
rising in the atmospheric pressure at that part of the earth’s surface. The lower air 
flows toward such an area during the summer season, and out of it during the winter 
season. This is the origin of the monsoons. 


109. The prevailing winds over the surface of the oceans. 


The prevailing winds in the Atlantic Ocean between parallels 35° and 60° north 
come from the southwest or west. In a zone extending for 30° on either side of the 
equator, the easterly winds are remarkably constant, but not strong, and are known 
as trade winds. North of the thermal equator they come from northeast, and south 
of it from southeast. Between parallels 35° and 60° south the winds are generally from 
the west or a little north of west. 


In the Torrid Zone of the Pacific Ocean the prevailing winds are easterly. South 
of 40° south latitude they come from the west or a little north of west; north of 40° 
north latitude they come from the southwest. 

The winds of the Indian Ocean north of the equator are northeasterly during the 
winter season and southwesterly during the summer. In the winter a high-pressure 
area exists over eastern Asia, and in the summer a low-pressure area over southern 
Asia. South of 40° south latitude they generally blow from the west or northwest. 

In all oceans the wind velocity is small near the equator. 

Along the coast of Norway the winds are generally southwesterly. In that portion 
of the Arctic traversed by the Fram the winds blow from near the New Siberian Islands 
toward southeastern Greenland, where a low-pressure area exists. In the part of the 
Arctic Archipelago just north of Lancaster and Melville Sounds, the wind is from the 
north. At Point Barrow it is east-northeast. North of Greenland and Grant Land 
it is westerly or northwesterly during the summer season. 

It will be seen upon comparing the isobaric chart with the charts of the winds that 
the air particles approach and swirl round areas of low pressure and recede, in a similar 
manner but with less velocity, from areas of high pressure. Rotations against the sun 
indicate low areas in the northern hemisphere and high areas in the southern, and vice 
versa for rotation with the sun. 
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The following are a few works containing matter relating to the movements of the 
atmosphere: 

Buchan: The Isobars and Prevailing Winds of the Globe, 1868. 

Ferrel (Wm.): A Popular Treatise on the Winds, New York, 1889. 

Deutsche Seewarte: Indischer Ozean, Hamburg, 1891. 

Abbe (Cleveland): The Mechanics of the Earth’s Atmosphere, A Collection of 
Translations, Washington, 1891. 

Abbe (Cleveland): Article ‘‘Meteorology,’’ New Volumes, Encyclopedia Britannica. 

Hann (Julius): Berghaus’ Physikalischer Atlas, Gotha, 1892. 

Waldo (Frank): Elementary Meteorology, New York, 1896. 

Deutsche Seewarte: Stiller Ozean, Hamburg, 1896. 

Bartholomew’s Physical Atlas: Vol. III, Atlas of Meteorology, 1899. 

Deutsche Seewarte: Atlantischer Ozean, Hamburg, 1902. 

Supan (Alex.): Grundztige der Physischen Erdkunde, Leipzig, 1903. 


110. The direct effect of the wind. 


If a wind blows for a considerable time in one direction over an inclosed body of 
water the surface particles are carried or drifted from their original position through the 
impingement of the air upon them. These particles drag with them those situated 
immediately below the surface, and in time this dragging influence will be felt down to 
considerable depths. 

The effect of these horizontal forces on the waters of a closed body is to increase the 
height of water level on the lee shore and to diminish it upon the opposite shore, although 
not generally by the same amount. In shallow bodies, or along the shelving shores of 
the ocean, the amount of this elevation may be considerable, as will be seen upon con- 
sulting sections 123, 124. In deep bodies with abrupt shores, the piling up is very 
small although there may be a good surface drift maintained by the wind. The reason 
for this is that the horizontal forces due to the wind do not act alike upon the particles 
at all depths, as do the tidal forces; for, they are considerable at the surface and insig- 
nificant near the bottom. Consequently the pressure due to the increased depth on the 
lee shore quickly gives rise to an acceleration in the reverse direction which exceeds, at 
even moderate depths, the acceleration imparted to the liquid elements by the moving 
elements situated nearer the surface. Hence the retrograde movement of the water not 
only near the bottom but fora considerable distance upward. Because of its much greater 
transverse section, the returning stream is as a rule scarcely perceptible, although the 
velocity of the surface stream may be considerable. Of course this counter movement 
also exists in the shallow bodies just referred to, because the wind’s action can not be 
alike at all depths (like tidal forces), and so the body can not be in equilibrium under 
their action. Consequently there must be a drifting before the wind and a return current 
along the bottom. 

This may be regarded as the circulation in vertical planes due directly to the wind 
striking the surface of the water. What may be regarded as the horizontal circulation 
will be briefly considered in describing the ocean currents, sections 111-115. 

All the above remarks suppose the wind to be constant for some time, or at least 
prevailing, in the case of an ocean. If the wind is of comparatively short duration it 
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may give rise to seiche oscillations, which have been described in section 16, Part I, and 
will be further considered in Chapter IX, Part V. 

Circulation in horizontal orbits constitute a very general and obvious effect of the 
direct action of the winds upon the surface and are considered in several of the imme- 
diately following sections. 


111. Currents of the Atlantic Ocean. 


The effect which a constantly blowing wind may have in creating and maintaining 
surface currents or drifts in a given body of water depends largely upon the size, depth, 
and shape of the body. One of the most simple cases is a circular, elliptical, or oval 
body across one edge or limb of which the wind acts in approximately the direction of the 
boundary at this locality. (See Fig. 25.) 

If at other edges of the basin the winds follow the direction of the near-by boundary 
still greater circulation will be imparted to the water, and it will reach to greater depths 
below the surface. The central.portion will be comparatively quiet, forming a sargasso 
sea. 

Examples of this are; the North Atlantic up to about the forty-fifth parallel; the 
South Atlantic to a line extending from Cape of Good Hope 
to the Falkland Islands. In either of these cases the body 
considered is not entirely surrounded by land, but an in- 
spection of the wind directions will readily convince one that 
the results could hardly have been essentially different had 
there been a rigid wall extending across the North Atlantic 
along the forty-fifth parallel, another extending from Cape 
of Good Hope to the Falkland Islands, and even another 
along the Equator. In fact, were these walls in existence, 
then it would be possible for an east wind in the Torrid 
Zone to alone maintain the circulation in both basins. This 
is nearly the case which Kriimmel* illustrated and estab- 
lished by experiment. (See Fig. 20.) 

The north equatorial trade winds of the Atlantic blow from the northeast and east, 
giving rise to the resulting westerly drift, which was noticed by Columbus in his first 
voyage to the West Indies. He referred the cause of these motions to the westward 
motion of the pnmum mobile.f 

The Gulf Stream was encountered by Ponce de Leon in 1513, as he skirted the 
coast of the peninsula of Florida, from a point north of Cape Canaveral to the Tortugas 
Islands. Franklin was the first to make a scientific study of the subject. 

Its origin in the Straits of Florida is briefly explained in section 116; but its con- 
tinuance across the Atlantic is due to the prevailing westerly winds, sometimes known 
as anti-trades. One portion of the stream impinges against Great Britain and Ireland, 
and probably extends as far to the northeast as Nova Zembla; the other branch con- 
tinues easterly until it turns southward along the coasts of Portugal, Spain, and Africa. 

Along the African coast this branch is called the Canary Stream, and it joins the 
North Equatorial Drift in the vicinity of the Cape Verde Islands. From here the drift 
is rapid, averaging about ro miles a day. Through the Lesser Antilles the surface 


—_—_ 


No. 25. 





* Handbuch der Ozeanographie, p. 358. 
ft See under Hakluyt and Bacon, this manual, secs. 74-76, Part I. 
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velocity exceeds 1 knot per hour. A good drift covers the Caribbean Sea and passes, 
mainly by force of gravity, through the Yucatan Channel. The larger portion of this 
water is spread out in the Gulf, but the smaller portion at once makes for the Straits of 
Florida in its effort to seek a lower level.* A portion of the western drift passes to the 
north of the Greater Antilles, and as a connecting current forms the western boundary 
of the Sargasso Sea. 

According to the maps of Lieutenant Soley, one part of the Gulf Stream upon 
emerging from the Yucatan Channel turns westward and passes around or across the 
Campeche Bank—across if north winds prevail. From near Tampico, at the head of 
the Gulf, the main stream goes northeasterly to a point not far from the Mississippi 
Delta. An important northwestern branch goes from Yucatan Channel to join the 
branch just described near the Mississippi Delta. From this locality a stream flows 
southeasterly to the western end of Florida Strait. 

The winds of the Gulf are northerly from October to February, inclusive, and 
southeasterly during the remainder of the year. The result of the southeasterly wind 
is to strengthen in the summer time the branch of the Gulf Stream extending from 
Yucatan Channel nearly to the Mississippi Delta. An eastern branch goes directly 
from Yucatan Channel to Florida Strait. 

A counter current occupies the shallow northwestern corner of the Gulf. Ina 
somewhat similar manner the shallow eastern edge of the Gulf is probably occupied by a 
weak northerly counter current. A current flows along the northern coast of Cuba and 
extends around Cape San Antonio, a little beyond the Isle of Pines. 

The velocities of the principal streams within the Gulf generally lie between 0.5 
knot and 2 knots. 

It may be of interest to note here that as long ago as 1856 a bottle was picked up 
on Loggerhead Key, Florida Reef, by a Coast Survey party, which had been set adrift 
nearly two years before at a point south of the Mississippi Delta (Coast Survey Report, | 
1856, p. 279). This indicated the existence of a branch of the Gulf current mentioned 
above, which Lieutenant Soley has fully established. 

The south equatorial trade winds blowing from the south and east, together with 
the resulting westerly drift, carried the navigator Cabral from his track, projected for 
roiinding Africa, upon the coast of Brazil, thus giving to him the honor of its discovery. 
Off Cape Roque the drift divides, one branch, known as the Guiana Current, flows north- 
westerly, joining the north equatorial dnft; the other,-known as the Brazilian, flows 
southwesterly toward the Falkland Islands. The east-going stream across the Atlantic 
in the latitude of Tristan da Cunha, greatly increased in volume by cold water from the 
south, and the north-going stream west of South Africa, complete the circuit for this 
South Atlantic area. 


112. Currents around the Antarchc Continent. 


The prevailing winds off the coasts of the Antarctic Continent are westerly. These 
impart an eastward motion to the surrounding waters. This can be easily detected in 
the strait between Cape Horn and the South Shetland Islands, where the velocity is 
11 miles per day. The general direction and amount of drift can be inferred from the 
fact that a bottle floated from Cape Horn to Port Phillip, on the south coast of Australia, 
a distance exceeding 8000 miles, in three and one-half years. 








* Cf. A. Lindenkohl: U.S. Coast and Geodetic Survey Report for 1895, pp. 364, 365. 
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The immediate cause of the Cape Horn Stream is partly gravitational; for, the 
westerly winds force the waters against the Chilean coast, and the western coast of South 
Shetland Islands, and an escape to a slightly lower level is through the strait. Another 
portion of these accumulated waters flows northward, joining the Peruvian Current. 

The cold streams from the Antarctic are felt as far north as off the Rio de la Plata, 
along the western coast of South Africa, and all along the western coast of Chile.* 


113. Currents in the Pacific Ocean. 


The Peruvian or Humboldt Current flows northerly, following the South American 
coast, sustained by the prevailing winds which here blow from the south; the velocity 
of this stream along the Peruvian coast lies between one-half and 1 knot. The current 
leaves the American coast near Cape Blanco, with a velocity perhaps as high as 14 
knots and, much diminished in velocity and increased in width, flows westward under 
the influence of the south equatorial trade winds of the Pacific. Upon reaching the 
Pamotu Islands, a portion of this equatorial drift is deflected southerly and joins the 
general east-going drift referred to above. The remainder of the current has a general 
westerly direction. 

The northern equatorial drift is mainly confined between parallels 10° and 25° 
north. Near the Hawaiian Islands the currents are variable but their general direction 
is probably westerly, with a velocity of 1 knot. Among the Marshall Islands the cur- 
rents are irregular, with perhaps a prevailing westerly direction. 

North of the fortieth parallel and across the Pacific Ocean the prevailing wind is 
from the southwest, and imparts an easterly motion to the waters of this region, and 
so accounts for the eastward continuation of the Kuro Siwo. This stream impinges 
upon the American coast, tempering the climate from Alaska to California. A portion of 
the drift known as the Californian Current flows southward off the coasts of Upper 
_and Lower California, and finally joins the west-going drift. 

The Kuro Siwo proper is a continuation and reflex of the north equatorial drift 
current, and so in part due to the easterly drift in the North Pacific; in other words, it 
is in part a connecting current. In part its immediate cause is gravitational, at least 
during the southwest monsoon. At that season the surface of the northern end of the 
China Sea must be on a higher level than the surface of the Pacific outside. This would 
account for such annual fluctuation of the intensity of the stream as exists southeast of 
Formosa. 

East of Australia a counter-clockwise circulation exists, caused mainly by south- 
easterly winds acting upon the waters surrounding New Caledonia and the north- 
westerly wind acting upon the waters southeast from Tasmania. 


114. Currents in the Indian Ocean. 


North of the equator 1s the region of monsoons. Here the current has a north- 
easterly direction during the summer season of the northern hemisphere and a south- 
westerly direction during the winter season. 

Between about 8° and 20° of south latitude is a west-going drift, due to the tol- 
erably constant trade winds. 


* The South American Pilot, Part II, ninth edition, under ‘‘Currents,”’ pp. 22-25. 
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In the Indian Ocean south of the parallel of Cape of Good Hope the drift is in an 
easterly direction, agreeing with the general circulation around the Antarctic Con- 
tinent.. A branch of this drift turned northward by the coast of Australia, and known 
as the West-Australian Current, finally joins the west-going drift just referred to. 
The west-going drift is connected with the east-going by southwesterly currents along 

the coast of Madagascar. 


115. Currents in the Arctic Ocean. 


Some account of the movements of the sur.ace currents of the Arctic from a point 
near Herald Island toward Cape Farewell, Greenland, has been given in section 46, Part 
IV B. Generally speaking, the direction of these currents in the open ocean approx- 

‘imately agrees with the direction toward which the winds blow. This was found to be 
the case by Nansen in the drifting of the Fram, and is probably true for most of the 
waters intersecting the Arctic Archipelago. 

Along the northern coast of Greenland and north of Grant Land, Peary found the 
northwesterly winds and the ice setting easterly. Weyprecht and Payer, in the Tegett- 
hoff, drifted from off Northern Nova Zembla northward and thus, in 1873, discovered 
Franz Josef Land. These indicate lateral movements toward the channel between 
Greenland and Spitzbergen and through which the ice escapes from the Arctic. 

The southward current through Robeson and Kennedy channels has been well 
established by Hall, Greely, and others. The cold Labrador Current comes from 
‘Hudson Strait and the western side of Baffin Bay. It is felt as far south as Cape 
Hatteras, being sheltered from the west winds by the American coast, and being 
crowded against it by the deflecting force of the earth’s rotation. A small portion 
of this stream traverses the Gulf of St. Lawrence, entering through the Strait of Belle 
Isle and leaving through Cabot Strait, although it is probably lost in the waters of 
the Gulf. 

All of the above currents indicate a general surface movement from a region where 
the waters are of less density into one having warmer but denser waters. But 
by section 116 this implies that, save for the effect of the prevailing winds, the surface 
of the Artic is slightly higher than the surface of the Atlantic. This seems reasonable 
because of the considerable precipitation and very small evaporation in cold regions. 
Because of its smaller density, the fresh water tends to remain upon the surface. 

It may be noted here that the direction of the prevailing current at Point Barrow is 
supposed to be eastward, while a long series of observations at the Government station 
a few miles to the southwest of the point showed that the prevailing wind was from 
ENE. 

As mentioned in Section 116, the immediate cause of the reversible currents through 
Bering Strait is probably gravitational—similar to the flow between Lakes Michigan and 
Huron, when strong winds blow over their surfaces. When the northern part of Bering 
Sea is from any cause for some time higher than usual, the flow is northward; and when 
lower than usual, southward. The southerly winds in the summer bring about the first 
condition and the northerly winds during the remainder of the year, the second. 

More detailed information concerning ocean currents can be obtained from the maps, 
Figs. 20-24. 
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116. Currents whose 1mmediate cause 1s a difference 1n surface-levels,1n water-denst- 
ties, or 1n both combined. 


Bodies of water, or two portions of the same body, may, through prevailing winds, 
evaporation, precipitation, or influx of water from the land, assume slightly different 
surface-levels or possess different densities. 

These conditions give rise to currents, and may be divided into four cases, real or 
hypothetical, viz.: Like densities but different surface-levels, like surface-levels but 
different densities, the denser body having the higher surface-level, the lighter body 
having the higher surface-level. 

Case 1.—Like densities and different surface-levels. 

In attempting to restore equilibrium, the water will continually flow from the higher 
body (i. e., the body whose surface is the higher) into the lower. If the connecting strait ' 
is sufficiently small for enabling a sensible difference in surface-level to be maintained, 
the velocity may there be considerable. The velocity at the narrowest part of the strait 


and in the swiftest thread of the stream will be approximately equal to J2g (z,-z,,) where 
z,, 2,,, denote the heights of the surfaces of the two bodies above a fixed datum. 

The effect of the north-equatorial trade winds is to elevate the water in the Carrib- 
bean Sea and the Gulf of Mexico above the general level of the Atlantic. Levels run 
across Florida between Cedar Keys and St. Augustine indicate a difference of level 
amounting to probably at least 0.8 foot. This implies a velocity of 7.2 feet per second, 
or 4.3 knots per hour, for the swiftest thread—an amount not greatly in excess of the 
observed value 3.4 knots (sec. 97). The above is in substantial agreement with 
Franklin’s explanation. He says: 


This stream is probably generated by the great accumulation of water on the eastern coast of 
America between the tropics by the trade winds which constantly blow there. It is known that a large 
piece of water, 10 miles broad and generally only 3 feet deep, has, by a strong wind, had its water driven 
to one side and sustained so as to become 6 feet deep, while the windward side was laid dry. This may 
give some idea of the quantity heaped upon the American coast, and the reason of its running down in 
a strong current through the islands into the Bay of Mexico and from thence proceeding along the coasts 
and banks of Newfoundland where it turns off toward and runs down through the Western Islands.* 


Case 2.—Like surface-levels, different densities. 


So long as this condition can be maintained, it is evident that the surfaces of equal 
pressure in the connecting strait (the free surface excepted) all slope downward toward 
the lighter body ; hence any liquid element will be driven toward that body. The 
accelerating force will increase in going downward, but this does not mean that the 
velocity will be comparatively small at the surface; for, by the viscosity of water the 
under layers would finally impart their velocities to the waters above. 


Case 3.—The denser body having the higher surfacc-level. 


Here the flow at all depths is obviously from the higher and denser to the lower 
and less dense body. 

An example of this is the current through Bering Strait from the Bering Sea to the 
Arctic during the summer season when the surface of the former stands at a higher 
level than the surface of the latter. 


teat Ae = cs a re ee ee 





* Pillsbury: U.S. Coast and Geodetic Survey Report for 1890, p. 489 
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Case 4.—The lighter body having the higher surface-level. 


Since the surface of the less dense body or region is slightly higher than the surface 
of the one more dense, the water near the surface will flow toward the lower but denser 
body. 

If at some depth below the surface the pressure due to depth be equal in the*two 
bodies (that is, if there the surface of equal pressure be horizontal) there will be no 
tendency to flow in either direction. Below this surface, the surfaces of equal pressure 
will slope downward toward the lighter body; hence near the bottom the water will flow 
toward the lighter body notwithstanding the fact that its free surface is on a higher level. 

The surface water of the Arctic Ocean moves toward the Atlantic through Denmark 
and Davis straits. The considerable precipitation, the influx from several large rivers, 
and especially the small evaporation, all go to maintaining a rather low density for 
Arctic waters as well as an increased, but of course very small, elevation of the surface. 

The difference in the densities as actually existing is less than that indicated upon 
charts, because the chart values have been reduced to standard temperatures, and the 
polar seas, all depths considered, are in reality several degrees colder than the equatorial 
waters. But near the land, where the amount of fresh water greatly reduces the density, 
the water's surface is considerably elevated and may give rise to strong and cold currents, 
particularly in channels and on the right-hand side of the sea or body traversed. This 
crowding against the land, and prevention of the stream from dispe.sion, is due to the 
deflecting force of the earth’s rotation. Doubtless a considerable amount of water 
passes as an undercurrent from the Atlantic into the Arctic through the straits east 
and west of Iceland. That such is the case can be inferred from the fact that the 
density of the Arctic, well below the surface, about equals the density found in these 
straits. 

Another example of this case is the Gulf of St. Lawrence and the Atlantic Ocean. 
Strong surface currents exist in Cabot Strait, the velocity near Cape North being 2 knots. 

The Atlantic Ocean and the Mediterranean Sea constitute another example. The 
surface current nearly always sets easterly in the axis of the strait, the velocity being 
about 3 knots; but below the surface this eastward flow is less marked. (See section 
84, Part IV B.) It is certain that at the bottom the flow is westerly; for, the waters of 
the Mediterranean must be sufficiently dense through the evaporation of ocean water 
for causing the lines of equal pressure near the bottom of the strait to slope westerly, 
otherwise the Mediterranean would be continually deriving salt from the Atlantic.* 

According to a report of M.Ch. Lallemand in the Comptes-Rendus of the twelfth 
general conference of the International Geodetic Association on the general leveling 
in France it appears that mean sea level for Biarritz, at the head of the Bay of Biscay, 
is 21 centimeters above that at Marseilles. It also appears that the mean sea level at the 
capes upon which Brest and Cherbourg are situated is somewhat lower than the level 
at Marseilles. These are conditions which might result from the action of the prevail- 
ing westerly winds. 

By analogy it 1s reasonable to suppose that the sea level off the western end of the 
Strait of Gibraltar is elevated a few inches by the action of the prevailing winds upon 
tlie bay forming the approach to the strait; but this difference of level must be small, 


——— 














* Cf. Boguslawski: Handbuch der Ozeanographie, Vol. 1, pp. 37, 38. 
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because the pressure at the depth of the bottom of the strait is known to be greater in 
the Mediterranean than in the Atlantic (in order to produce an outward flow), and the 
difference in density is not very great (section 120). 

From page 21 of the Red Sea and Gulf of Aden Pilot, fifth edition, the following, 
concerning the currents in the strait of Bab el Mandeb, is quoted: 

From about May to September, while the southwest monsoon is blowing in the Indian Ocean, the 
water runs out of the Red Sea; but, during the northeast monsoon, from October to March, it runs in; 
thus accounting for the difference of level before remarked upon, which has been observed to depend 
upon the season of the year. 

In the strait of Bab el Mandeb these currents often have a rate of 30 or 40 miles a day, but their 
strength is much diminished a few miles up the sea; and in the strait it is somewhat confused through 
the irregular tidal influence there felt. At the change of the monsoon there is little or no current. 

This isin accord with the general rule for the annual inequality in sea level in the 
western part of the Indian Ocean; for, upon referring to section 124 it will be seen 
that high water for this part of the ocean occurs in north winter while low water occurs 
in north summer. — 

In this strait the surface current has been observed to go in the direction toward 
which the wind blows, while near the bottom there was a contrary setting. 

A fresh-water stréam discharging into the ocean may cause counter currents at the 
bottom of the channel of the stream and for some distance along the bottom of the 
outer body. | 

Examples of this are the straits and sounds connecting the Baltic Sea with the 
North Sea, the Hudson River, and off the Mississippi River. 

For the Baltic, see papers referred to below by F. L. Ekman, V. W. Ekman, and 
A. W. Cronander. For the Hudson, see a paper by Henry Mitchell, U. S. Coast and 
Geodetic Survey Report for 1887, pp. 301 311. 

It has long been known that off the mouth of the Mississippi the colored surface 
water takes a different direction from that taken by the clear or blue water below. 
The existence of a counter current has not been established by observation. In fact 
observations made by R. Platt while engaged in work for this survey off the delta 
indicate chiefly that the under currents take a variety of directions with reference to 
the surface currents. In the river proper, the volume of fresh water is so great that 
salt water does not enter, and so counter currents do not there occur. 


117. Currents in lakes and bays. 


The Great Lakes of America have main currents moving toward their outlets. 
The position of such a current with reference to either shore of a lake is determined 
chiefly with reference to the directions of discharge. In case of Lakes Superior, Michi- 
gan, or Huron, the main current lies nearer to the right side than to the left. This 
suggests the deflecting force of the earth’s rotation upon a freely moving body, as the 
influence governing the position of the axis of the stream. But as this tendency to 
crowding to the right is not conspicuous in either Lake Erie or Lake Ontario, where 
the velocity of the current proper must be much greater than that belonging to the 
upper lakes, it seems almost certain that the influence of this force is too small to be 
of importance in any of the other lakes. 
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Currents, especially at the surface, are caused by winds. In this region, the pre- 
vailing wind direction is westerly and so the currents produced directly by them, par- 
ticularly in exposed places, take an easterly direction. On account of the limited size 
of any one of these lakes, it is not probable that in any forced current produced by the 
winds the paths of the water particles will show any general deviation to the nght of 
the direction of the paths of the air particles. 

The swiftest of all surface currents in the Great Lakes proper are probably those 
produced by the winds acting upon the waters of Lakes Michigan and Huron, causing 
the surfaces of the two bodies of water to differ in level by a considerable amount. 
This greatly increases for a time the discharge of water through the Strait of Mackinac. 
Observations off Manistee, Lake Michigan, showed a northerly current of from 14 to 4 
statute miles per hour. 

In protected places, and particularly along the more irregular shore, counter currents 
due chiefly to wind currents may exist. 

The circulation of the Great Lakes is described in a paper by Mark W. Harrington, 
entitled ‘‘Currents of the Great Lakes, as deduced from the Movements of Bottle Papers 
during the seasons of 1892 and 1893,” and in Sailing Directions, published by the U. S. 
Hydrographic Office (1900-1902), numbered 108 A, and 108 B, 108 C, and 108 D. 

The winds which chiefly cause the currents in the Black Sea appear to take various 
directions over different parts of it. : 

A recent discussion of the currents of this sea is made by Walther Wissemann on 
pages 162-180 of the Annalen der Hydrographie, Volume 34, 1906. 

A counterclockwise circulation takes place in the Mediterranean Sea, including 
the A‘gean and the Adriatic seas. There is a dependent current or eddy in the gulf 
off Tripoli. The influx of water through the Strait of Gibraltar, the straightness of 
the African coast, and the prevailing westerly winds, account, in the main, for the 
eastward current very near the southern border of the sea; while the irregularity of 
the European coast favors a return current protected from the prevailing winds. The 
deflecting force of the earth’s rotation probably causes the return current to enter the 
AZgean and Adriatic seas. 

Currents dependent upon contact with others are of common occurrence in par- 
tially inclosed bodies of water. If the outer currents flow clockwise in their circuit, 
the dependent current will flow counterclockwise, and vice versd. The current in the 
southwestern corner of the Caribbean Sea and that in the Bay of Honduras are examples 
of this. Other examples are the Gulf of Guinea and near-by waters, the waters lying 
between Iceland and southern Greenland. The currentsin the Japan Sea consist of a 
branch of the Kuro Siwo, and a counter current necessitated by it flowing southerly 
along the continental coast line. 

The currents of the Greenland Sea and northern extremities of the Atlantic Ocean 
have recently been ascertained with considerable precision through the agency of bottles 
set adrift and afterwards recovered. The results of such observations are given in a 
paper by C. Ryder in the Nautical Meteorological Annual for 1904 (Copenhagen, 1905). 

It will be noticed that the north-going streams hug the coast to their right or the 
east, while those going southward, the coast to their right or the west. This agrees 
with what might have been anticipated from a knowledge of the deflecting force due 
to the earth’s rotation. 
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But it appears that north winds prevail down the eastern coast of Greenland and 
southerly ones between Norway and Iceland, due to the fact that a region of low barome- 
ter lies between these two coasts. Hence it is probable that the circulation between 
Iceland and Norway and between Iceland and Southern Greenland is chiefly to be 
explained by Kriimmel’s experiment; but that the deflecting force of the earth’s rotation 
causes the streams, whether free or under the action of the sustaining winds, to crowd 
upon the shores of Norway and southern Greenland. 

The openness of these bodies of water would preclude the explanation given for 
return streams against the winds in lakes and land-locked seas, from applying here. 

The deflecting force of the earth’s rotation accounts for the fact that the currents 
flow inward along the eastern shores of the Adriatic and Red seas and Baffin Bav, and 
outward along the western shores. 


118. Note on recent theoretical work. 


The influence of the earth’s rotation upon ocean currents is mentioned by Mac- 
laurin in his prize essay upon the tides.* The equations of motion for a liquid upon a 
rotating sphere lie at the foundation of Laplace’s dynamical theory of tides. Ferrel 
makes constant use of the principle, following at once from Laplace’s equations, that a 
moving particle is deflected to the right in the northern hemisphere and to the left in 
the southern. Before the work of V. Bjerknes the ocean currents were treated as free 
currents, i. e., as if they would move onward by their own inertia after the forces ceased 
to act. Nansen suspected from observation, and V.W. Ekman confirmed by computa- 
tion, that forced or sustained currents take, if circumstances permit, a direction to the 
right of the sustaining force in the northern hemisphere. Moreover, as wind action is 
from the surface downward (each layer moving the one underneath it) the direction 
of the lower layer will likewise be to the right of the one imparting the motion. 

Supposing all motions in an indefinitely large body of water acted upon by the 
winds to be steady and horizontal, then the equations of motion become very simple. 
The external forces for a given water element are the components of the earth’s de- 
flecting force, and the only other forces acting are the components of the resistance due 
to viscosity. Integrating these equations and determining the arbitrary constants to 
suit the assumed problem, it follows, that in the northern hemisphere, the surface 
currents take a direction 45° to the nght of the direction of the wind, and that this 
angle increases with the depth. 

Ekman also considers currents caused by pressure-gradient and the earth's rotation 
alone, and wind currents influenced by the continents, currents which arise from a 
difference of density, and the action of both wind and density variation. See references 
to Ekman below. : 

On account of the actual distribution of land and water, it is difficult to say at this 
time to what extent Ekman’s theory of forced currents accounts for the existing ocean 
currents. The fact that there is a tendency for the water to flow to the right or left of 
the direction toward which the wind blows will doubtless be brought out for many 
regions. 





* This Manual, Part I, sec. 95. 
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The hydrodynamical problems involving the motions of waters of different densi- 
ties, treated by V. Bjerknes and V. W. Ekman, are of fundamental importance in the 
mathematical treatment of the motions of the sea and adjacent waters. 


119. A few references to observations and discussions of permanent currents. 


General and theoretical. 

F. L. Ekman: On the general causes of ocean currents, Nova Acta, Roy. Soc. Sc. 
Ups., Ser. III (1876). 

K. Zéppritz: Zur Theorie der Meeresstr6mungen, Annalen der Physik, Vol. III 
(1878). 

Boguslawski and Kriimmel: Handbuch der Ozeanographie, Vol. II, Stuttgart, 1887. 

M. F. Maury: Physical Geography of the Sea. 

James Croll: Climate and Time, 1887. 

H. Berghaus: Physikalischer Atlas, Gotha, 1892. 

Atlases by the Deutsche Seewarte for the Indian, Pacific, and Atlantic Oceans. 

V. W. Ekman: Ein Beitrag zur Erklirung und Berechnung des Stromverlaufs an 
Flussmiindungen, Kongl. Vetenskaps-Akademiens Férhandlingar, 1899, pp. 479-507. 

A. Supan: Grundziige der Physischen Erdkunde, i aaa 1903. (See references 
there given on pp. 308-309). 

A. Lindenkohl: Encyclopedia Americana (1904), Article Gteadocianhs. 

Charts published by the British Admiralty and by the U. S. Hydrographic Office. 

V. W. Ekman: On the influence of the earth’s rotation on ocean-currents, Arkiv.- 
for Mathematik, Astronomi och Fysik, Vol. 2, No. 11 (1905). 

O. Pettersson: On the influence of ice-melting upon oceanic circulation, Svenska 
Hydrografisk Biologiska Kommissionens, Skrifter. 

J. W. Sandstr6m: On icemelting in seawater and currents raised by it, Ibidem. 

V. W. Ekman: Beitrige zur Theorie der Meeresstr6mungen, Annalen der Hydro- 
graphie und Maritimen Meteorologie, Vol. 34 (1906), pp. 423-430, 472-484. 

Gulf Stream. 

Coast and Geodetic Survey Reports: 1846, App. 4; 1853, p. 46; 1854, App. 52; 
1856, App. 46; 1858, App. 32; 1860, App. 17; 1868, App. 11; 1884, App. 32; 1885, 
App. 14; 1886, App. 11; 1887, App. 8; 1889, App. 16; 1890, App. 10; 1891 (2), App. 10; 
1895, App. 6. 

A. Petermann: Der Golfstr6m und Standpunkt der thermometrischen Kenntnis 
des Nordatlantischen Ozeans und Landgebiets in Jahre, 1870, Petermann’s Geogra- 
phische Mitteilungen, Vol. 16 (1870). 

Der Golfstr6m von 10. mai bis zun ro. Juni, 1904, Annalen der Hydrographie u. 
Maritime Meteorologie, Vol. 33, 1905, pp. 314-320. 

J. C. Soley: Annalen der Hydrographie u. Maritime Meteorologie, 1907, pp. 84-87, 
and Pilot Charts North Atlantic Ocean, issued by U. S. Hydrographic Office, 1907. 

Labrador Current. 

The Newfoundland and Labrador Pilot, published by the Admiralty. Sailing 
Directions for Nova Scotia, Bay of Fundy, etc., U. S. Hydrographic Office. Dawson’s 
Reports on Survey of Tides and Currents in Canadian Waters. 
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Indian Ocean. 

Atlas by Deutsche Seewarte. Pilots for Africa, Red Sea, and Gulf of Aden, 
Hindustan, Bay of Bengal, and Islands in the Southern Indian Ocean, published by 
the Admiralty. 


Arctic Ocean. 

Bathymetrical Features of the North Polar Sea, F. Nansen, Christiania, 1904. 
The Norwegian North Polar Expedition, 1893-96, Scientific Results, London, 1902. 
F. Nansen. 


Pacific Ocean. 

Atlas by Deutsche Seewarte. Pacific Islands (Sailing Directions), by the 
Admiralty. Vols. I, II, III. A. Lindenkohl in Petermanns Geog. Mitteilungen. 
1897, Heft XII. Papers by H. C. Russell and by H. A. Lenehan in Jour. and Proc. 
Roy. Soc. N.S. W. | 


Kuro Siwo (Japan Stream). 
The China Sea Directory, by the Admiralty. Vol. IV. 


Northern portion of Atlantic Ocean and North and Baltic Seas. 

C. Ryder: Some investigations relating to the ocean currents in the sea between 
Norway, Scotland, and Greenland. ' 

Nautical Meteorological Annual for 1904, Copenhagen, 1905. 

Svenska Hydrografisk Biologiska Kommissionens Skrifter, Vols. I and II. 

A. W. Cronander: On the Laws of Movement of Sea-Currents and Rivers, Norr- 
koping, 1898. 


120. Note on density observations. 


Density observations are easily made to a fair degree of precision by means of a 
hydrometer. One form of this instrument consists of a glass bulb terminated by a 
slender graduated stem, and a cup or can into which the specimen of sea water 1s placed 
and within which is mounted a thermometer for ascertaining the water’s temperature. 
If the range of density is considerable, several bulbs should be provided so that the 
range of each need not much exceed 1 per cent. 

Recent observations have in many cases been reduced to the temperature 15° C. 
(= 59° F.) for the sea water and the standard temperature of the distilled water is taken 
as 4° C. (= 39°.2 F.). Results obtained by the U. 5S. Coast and Geodetic Survey prior 
to 1892, suppose both sea water and the standard distilled water to have the tem- 
perature 60° F. See report by Buchanan, Physics and Chemistry, Volume 1, Challenger 
Reports. In the Atlases of the Deutsche Seewarte both standard temperatures are 
17°.5 ©. 

Tables for reducing the observed densities to standard temperatures are given on 
page 155, Coast and Geodetic Survey Report for 1874, and page 277, Report for 1891. 

In making the observations care must be taken to secure the water at the assumed 
position and depth, to give the attached thermometer time to adjust itself to the 
temperature of the water, and to see that the bulb is not in contact with the walls of 
the cup, but floats freely. 

In tidal rivers the stage of the tide should be noted. 
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Doctor Boguslawski, on page 147 of his Handbuch der Ozeanographie, gives the 
following densities of the surface waters, which are taken from British source: 











Z ; Specific gravity re- 
Region. duced to 16°.7C.= 
"62°F, 
| 
North Atlantic Ocean up to 50° north latitude.__..__._- | 1.02664 
South Atlantic Ocean up to 50° south latitude.....___. | 1.02676 
North Pacific Ocean up to 50° north latitude _.....___- | 1.02548 
South Pacific Ocean up to 50° south latitude __.__.__-_- 1.02658 
Indian Ocean between 0° and 50° south latitude .._____- | 1.02630 
Mediterranean Sea.......-.-_----..---------.-------- ! 1.02689 
Blak Sedeccicvcuts Ledectasete etre asd canes epee | 1.01430 
NOMM pedo rer scethe 2S Yeates eeueueset caesar: | 1.02610 
Baltic: Se024 vocc) So eee eee ec eee eae 1. 00860 
Red S60 3% 2255 ice eee ed ee eee oa ! 1. 02860 





Recent density maps are given in the Atlases of the Pacific, Indian, and Atlantic 
Oceans, published by the Deutsche Seewarte. 

The principal sources of information used in the construction of these charts are 
given in the texts of the Atlases, and to these the reader is referred. 

References to densities measured by the Coast and Geodetic Survey: 

Hudson River, Report 1871, p. 130; 1887, p. 303. 

Mississippi River (South Pass), Report 1875, opp. p. 190, and p. 192. 

Chesapeake Bay, Report 1877, p. 189 (results not published). 

Chesapeake Bay, Report 1881, p. 303, Figs. 56-62. 

Atlantic Ocean, Report 1882, last figure. 

Gulf of Mexico, Report 1895, App. 6. 

Northeastern Pacific Ocean and Bering Sea, Report 1898, p. 239. 

A considerable number of density observations, not published, have been made at 
sandy Hook, New Jersey; Delaware Breakwater, Delaware; Tybee Island, Georgia; 
in the Gulf Stream, and in the Northern Pacific Ocean. 

A few references not included in the texts of the Atlases of the Deutsche Seewarte 
are as follows: 

A. Lindenkohl: Das specifische Gewicht des Meerwassers in Nordést- Pacifischen 
Ozean, etc., Petermanns Geogr. Mitteilungen, 1897, Heft XII. 

A. J. Robertson: Temperature and salinity of the surface waters of the North Sea 
in the year 1903, North Sea Fisheries Investigation Committee, 1903. 

Fridtjof Nansen: The Oceanography of the North Polar Basin, The Norwegian North 
Polar Expedition, 1893-6, Vol. III (No. IX), 1901-2. The Bathymetrical Features of 
the North Polar Seas, etc., The Norwegian North Polar Expedition, Vol. IV (No. 
XIT), 1904. 

N. M. Knipowitsch: Grundztige der Hydrologie des Europaischen Eismeers, 1906, 
PP. 1439-1464. 

Svenska Hydrografisk Biologiska Kommissionens Skrifter, Vols. I and II. 
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THE ANNUAL FLUCTUATION OF WATER LEVEL. 
121. Raver fluctuations. 


In most fresh-water streams the surface height and the velocity of flow are subject 
to variations through a yearly period, although great irregularities generally exist. 
Only the average, or somewhat regular, fluctuation will be here considered. The 
principal causes are the varying amounts of rain and evaporation, and the melting of 
snow in higher latitudes. 

The annual rising of the Nile had an important bearing upon early civilization 
and its cause was a subject of much speculation.* The brief description of the phe- 
nomenon by Herodotus finds itself in perfect accord with observations made at the 
dam below Cairo during the years 1849-1878. Herodotus says that the river begins to 
rise at the summer solstice and reaches its maximum height in about one hundred days. 
Figure 121 in Supan’s Grundztige der Physischen Erdkunde.shows this agreement. 

From the discussion of observations cgvering the seven years 1872-1878, it appears 
that the fluctuation in the surface of the Mississippi River at New Orleans resembles 
a sine curve whose maximum height is near the middle of May and whose minimum 
is near the middle of November; also that the range of this regular curve is 10 feet. 

The fluctuations in the upper portions of the river and its tributaries is less regular 
in its character, and the range of the rise and fall is usually much greater than at New 
Orleans. 

The stages of the Mississippi River are shown in the hydrographs published in 
the Reports of the Mississippi River Commission, which forms a supplement to the 
recent Reports of the Chief of Engineers (United States Army). From these it will 
be seen that there are often several well-defined maxima and minima each year. The 
times of the principal maximum and minimum at Carrollton, La., may be given as 
about April 20 and November 25, respectively, the average range being about 16 
feet. The lesser maxima perhaps occur about February 1 and June 15. 

It will be noticed that, as a rule, the rivers of the Atlantic slope of the United 
States north of Georgia, and gauged above tidal influences, will attain their regular 
annual maximum height and discharge in February, March, or April, and their mini- 
mum in August, September, or October. See next section. 

From the known geography and climatology of a given river basin some estimate 
can generally be made of the times when floods and freshets may be expected, also 
when the contributing streams should run unusually low. If these times are at variance 
with those given by the annual inequality in the water level as observed at some tidal 
station upon the river, one may be reasonably certain that the floods and freshets are, 
at that station, of secondary importance in producing this inequality. 

For instance, at Port Eads, situated on South Pass of the mouth of the Mississippi, 
the regular annual maximum height (sec. 124) occurs in October, the range being 
0.9 foot, whereas, as already stated, the same river at New Orleans reaches its maxi- 
mum height in April or May, the range being ro feet or more. 

On the other hand, if the range of the annual fluctuation much exceed 1 foot, 
excepting certain regions of shallow water, and those parts of the earth where monsoons 








~—- —_——— — 


* This manual, Part I, secs. 64, 67, ad finem. 
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prevail, it is probable that the upper-river stages control the annual fluctuations unless 
known meteorological facts are to the contrary. But what part is due to the efflux 
of river water and what to periodic winds is often difficult to determine. For example, 
at the river stations Calcutta and Rangoon, the annual high stage occurs about the 
first of September. But for southeastern Asia the rainy season occurs during the 
summer months and the dry season during the winter and spring. Consequently the 
heights of the rivers at these stations are governed by the efflux of the rivers. If this 
fluctuation were due to the monsoons only, it is probable, as will be noted in the next 
section, that the maximum height would occur not later than August. 

The Great Lakes have an annual fluctuation of from 1 to 2 feet. They stand 
highest in August and lowest in February. Records extending over more than 
forty years are published in the Reports of the Chief of Engineers (United States 
Army).* 


i eee 


* E. g., Report for 1904, Part IV, p. 4057. 
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123. Direct action of winds in causing the annual height inequality. 


In shallow arms of the ocean the direct action of the wind in altering the height of 
the surface is very apparent. 

Along the eastern coast of the United States the prevailing wind is northwesterly 
during the winter season and southwesterly, south, or southeasterly during the summer 
season. Asa consequence the height of the sea is considerably lowered in the winter 
season and, at least in many localities, increased during the summer season. This 
explains the annual inequality at Governors Island, Baltimore, Old Point Comfort, 
Savannah River Entrance, and Fernandina, and in the main that for Philadelphia, 
Washington, and Wilmington (N.C.), although the upper-river stages are factors of 
some importance at these stations. 

At Philadelphia the high water of the annual fluctuation occurs about September 1 
and the low water in December or January. There seems to be, however, a secondary 
high water in March and low water in May. According to river gaugings made by the 
U.S. Geological Survey at Lambertville, N. J., the greatest monthly discharge of the 
Delaware River takes place during the month of March, the least during the month of 
September. . 

At Washington, D. C., the high water of the annual fluctuation occurs in June or 
July, the low water about March 1. According to river gaugings made at Point of Rocks, 
Md., the greatest monthly discharge takes place during the month of March, the least 
during the month of September. 

At Wilmington, N.C., the high water of the annual fluctuation occurs in September or 
October, the low water about March:1. Gaugingsat Fayetteville show that the months of 
greatest and least discharge nearly coincide with February and November. 

At gauging stations situated above tidal influence, an increase of height in the water- 
level is accompanied by an increase of discharge and the empirical relation between the two 
constitutes a rating table for the stream with reference to which it has been constructed. 

The northerly winds across the Gulf of Mexico produce low water at Galveston in 
February, while the southerly winds produce high water in October, the range being 1.5 
feet. (The inundation and destruction of Galveston resulting from a West India hurri- 
cane occurred September 8, 1900.) 

According to observations made by the Coast Survey in 1847 and 1848, the average 
effect of a north wind is to depress the waters of Albemarle Sound, North Carolina, 
between one and two tenths of a foot, and the effect of a south or southwest wind is to 
raise the level by about the same amount.* The fact that the result was the same for 
both sides of the Sound indicates clearly that the action of the winds upon Pamlico 
Sound is the principal cause of the fluctuation in level. 

According to observations made in 1848 the average effect of southeasterly winds 
at Cat Island is to elevate the surface of the water 0.3 foot and that of north or north- 
west winds to depress the level 0.2 .foot.f 

Along the coast of New England, Canada, and Newfoundland the annual inequality 
is small and uncertain, the winds there having a less marked annual change than farther 
southward. 

At Boston the prevailing winds at all seasons of the year are westerly, a little north 
of west in the winter, and somewhat southwesterly in the summer. f 











* Report for 1856, p. 271. tT Report for 1856, p. 278. 
{See Appendix No. 6, U. S. Coast Survey Report for 1871. Here Ferrel shows the connection 
between the fluctuations of the sea and the variations of the barometer and the winds. 
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The winter winds along the Atlantic coast of the United States are the strongest of 
the year; consequently the water is most diminished in height during that season. 

The prevailing summer winds of the southern and eastern coasts of Asia are nearly 
opposite in direction from the prevailing winter winds. (See Figs. 18, 19,and table in 
section 124.) The southwest monsoon draws the water away from Aden and the Red 
Sea in the summer season, but tends to pile it up on the coast of Baluchistan and the 
upper India; it diminishes the height in the neighborhood of Minikoi and Ceylon, but 
increases the height at Bengal and the southwestern coast of Farther India. This 
explains the semiannual reversal of currents observed in the Strait of Bab-el-Mandeb 
and mentioned in section 116. The southeasterly trend of the Malabar coast prevents 
the southwest monsoon from actually increasing much the height along the western 
coast, as the long series of observations at Karachi shows. 

At Dublat, the mouth of the Hooghly River, the maximum occurs late in July 
with a range of 1.8 feet; farther up, at Diamond Harbor, it occurs early in August 
with a range of 2.1 feet; while at Calcutta (Kidderpore), where the effects of the river 
stages are apparent, the maximum occurs about September 1, the range being 6.1 feet. 

The coast stations Chittagong and Akyab have annual inequalities of 3.2 and 1.9 
feet, respectively, with maxima occurring in July, thus agreeing with the monsoon season. 

For Elephant Point, a coast station at the mouth of the Rangoon River, the range 
of the annual inequality is 1.7 feet, while at Rangoon it is 2.7 feet. The maximum at 
the former place occurs about July 27 and at the latter place about August 26. Other 
coast stations are Port Blair (Andaman Islands), Mergui, and Amherst, with ranges 0.5, 
1.2, 1.6 feet, respectively, and with maximum falling in or near August. The increase of 
range in going from the Andaman Islands to the main land is in accordance with what 
would necessarily result from wind effects. 

For details concerning the tidal stations and tides of India, see Account of the 
Operations of the Great Trigonometrical Survey of India, Volume 16, Tidal Observations. 

By the southwest monsoon the water level is elevated during the summer season 
along the western coast of Luzon and especially in the Yellow Sea. Water is, however, 
drawn away from the southern portion of the China Sea. Among the East Indies the 
effects are various, because water can drift in or out from either the Indian or the Pacific 
Ocean. Although it is difficult to infer the time of maximum height from the known 
monsoons, there is little doubt that the annual fluctuation along the coast is chiefly a 
wind effect. | 

The shallow and northern part of Bering Sea is elevated by southerly winds, which 
blow over Bering Sea during the summer season, and depressed by the northerly winds 
in winter. 

The southwesterly winds of autumn produce high water along the shores of the 
Gulf of Alaska, while the easterly winds of spring and summer produce low waters. 

The easterly wind is strongest for the eastern coast of Australia in March, and in 
consequence the sea level at Sydney, Ballina, and Newcastle is highest in the (north) 
spring season. 

At Panama southwesterly winds prevail through the greater part of the year; 
but during the month of February, the winds are northeasterly. The annual fluctua- 
tion attains its maximum on about November 1 and its minimum on about February 
20. The range of the oscillation is 2.0 feet. 
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By consulting the table given in section 124,it will be seen that for the Atlantic 
coast of Europe annual high water occurs from about September to December and 
low water from March to June. The range of the fluctuation is 1.0 foot at Greenock, 
o.9 foot at Liverpool, but only 0.4 foot at Edinburgh, 0.5 at Sheerness, and 0.4 at 
London, and o.3 at Ramsgate. Since greater ranges of annual tide occur on the western 
side of Great Britain and around Ireland than on the eastern side, the inference most 
readily drawn is that the winds are the controlling factor in its production. By consult- 
ing Pls. 21-24 of the Atlas of the Atlantic Ocean, by the German Seewarte, also PI. 
12 of Bartholomew’s Physical Atlas (Meteorology), it will be seen that the west winds 
along the coasts of Europe are strongest in the autumn and weakest in the spring. 

As pointed out by Lentz in his Fluth and Ebbe, Chapter III, the annual tide of 
the Baltic coast of Germany is governed by the winds. In September it has a maxi- 
mum height and in May a minimum. The minimum coincides in time with the maxi- 
mum amount of northeasterly winds, which blow the water out of the Baltic into the 
North Sea. 

Levels run from Helder to Memel prove the existence of a permanent displacement 
of level produced by the winds, and comparable in order of magnitude with the annual 
fluctuation. It increases in height from Kiel to Memel.* 

At Wilhelmshaven the maximum height occurs about October 1, and the minimum 
early in April. 

The’ foregoing statements and the table in section 124 indicate that as a rule 
the water at most tidal stations stands highest in the summer or autumn and lowest 
in the winter or spring. This suggests that the annual fluctuation may be due to the 
alternate heating and cooling of the ocean waters, causing alternate expansion and 
contraction of the volumes. This possibility will be considered in the next section. 
Here it may be noted that as sea breezes at the earth’s surface occur by day and 
land breezes by night, so the wind blows from the ocean in summer and from the land 
in winter. Without further assumptions we thus have an agency for producing the 
annual fluctuation and whose potency in many instances can not be doubted. 

High-pressure areas are formed on the lands in winter and in the oceans in summer. 
Hence, the annual inequality can not be directly due to this cause. Moreover, the 
annual barometric fluctuations are too small to account for the annual inequality in 
sea level at most places. It seldom has a range of more than 0.3 of an inch, and this 
could give only about 0.3 of a foot for the range of the annual inequality.[ In some 
instances it undoubtedly increases the annual inequality, as at St. Paul, Kodiak Island, 
Alaska, where the minimum pressure occurs in winter and the maximum in summer. 

Since winds along the surface of the earth are in a general way setting from high- 
pressure areas toward low-pressure areas, it follows that indirectly these annual fluc- 
tuations in the barometer do in this sense greatly influence and even occasion the annual 
inequality in sea level. But as already intimated, the direct effect is often at vari- 
ance with the indirect and far more important effect, viz., that due to resulting winds. 





* Hugo Lentz: Fluth and Ebbe, und die Wirkungen des Windes auf den Meeresspiegel, Hamburg, 
1879, pp. 120, 121. 

Cf. P.G. Rosen: Om hafsytans héjdférhallande vid nagra punkter af Sveriges kuster under tiden 
1887-1900, Vol. 1, Sv. Hydro. Biol. Kom. Skrifter. 

tT Berghaus’ Physikalischer Atlas, Charts Nos. 33, 34. Coast Survey Report 1875, Figs. 33, 34. 
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l 
No. - — Station teas, rong: Mf Mf? | Mm | Mm° Sa 
PAN ie Feet Oo 6! 6Feet ° | Feet | o 
EAST COAST OF AMERICA. | 
North | Vest ) 
28 | St. Johns, Newfoundland .................. 47 34 7 BPAY oan dewey een ok eas cee oye es / 0, 200 
a2) QUCDEC oc cteet ie eek hee seer en 47 49 F112 0,122 76-0. 303 : 34 4go | 
36 | St. Paul Island ........ 0.0.0. 0605 cecen cece | “47 14 | GOON eo be ah cua he teehee ae Ou 073 | 
: | * 025 *324 *.029 * 215 
40°) Hata vos ee ea eveke baste eee tee 44 40 63 35 lt ie ee +64 . 150 | 
42 | St. John, New Brunswick .................. 45 14 66 a4 | . 056 184 | . 047 137 | 115 
44 | Eastport, Me...... 00... . ccc cee ee eee : 44 54 DESO: Saget beac AEC ola wit See a Sy .105 . 
45 | Pulpit Harbor............... pf aipmagtee wet 44 09 | 68 53 | . 043 88 | .053 22 . 163 ! 
46] Portland M6 \c2:. se ce cack neck hehe ithe 43 39 PONS: cen sooe stake ye wal seq toatl cae waos . 200 
GO BOSON 66 ie osicciecreanict ewe lee reese hohe | 42 22 71 03 | Leapibine Aa tnedies Tvs aloe copie Bea's . 094 
SB: | NG@w DOT 255s. ere we aere ecue ened 41 29 PA 20 eon Bey ee ante to ek eked ; 144 
S95 | SBTIStGl oe sens cceeeae Gemeinde Garant iaduedess 4l 40 FINO biayeves seatyies | . 194 
66.) PrOvidOnCe 4.020845 one eiask ew oawasee? 41 49 | Gb 28: saan seh ete oe tage sees | nist gehen . 244 | 
63:1 Né@w London second cs ee et eekseess 41 211 FE 0G ostee, abate ee, foes Dee cane ee ee ee el 242 
66 | Willets Point .................... ides wens | 40 48 | TEMG? shoves sre eouta tic hes | De tee 153, 
67 | New York, Governors Island .............. 40 41 | FA OY. i cetieas Seda ee ee re . 244 
70 | Sandy Hook.......... 00... cece cece cece eee : 40 27 74.00" (5 Shere OSS eaters Hee Prteeeees . 068 | 
77 | Philadelphia: 2120.4 sees pases e cee vace cakes. 39 57 75 09 | Pete teen eee teen eee cee e ees 417 
85 | Old Point Comfort .................... 0000 | 37 00 OAS anes ante Wes ieee. Rat: . 320 
go | Washington Navy Yard.................... : 38 52 OTOL sewers Baath Sede ta salen teen ntcee 272 
95 | Kaltimore........... ; Ubaunier eG em ee ieiten etek | 39 17 F035 ks cose. | ee peta 2 | Zatbee tees . 260 | 
OS: | WilmtinetOn asics iit oe ns evecare Seat a cie d's 34:14 OF BT <4 sive Xe 7 Seats te erent a etthe hed | . 302 
101 | Charleston, Custom-house Wharf.......... | 32 47 79 SS sas pbs tiie erasers | nineat, «288% 
103 | Savannah Entrance, Tybee Island Light. | 32 02 BOSSY) Scscace hd cencuan Edeeed atctads 217 
105 | Fernandina, Fort Clinch................... | 90-40) Sr 28 .cbdeetswaewends eee : aeaeted 4239 
106 | Fernandina, Dade St....................... } 30 4! BIC2S. 2 hag er weds ees Whitey ee GR ce: . 406 
113 | Key West, Fort Taylor..................... ; 24 33 BAB el ey tise Ca ae oak | aha Geta A77 
125 | Pensacola, Warrington Navy Yard......... 30 21 } BIO: mien ees eres Riesetes Retna: . 244 
131) ||“Port Hads oo.ci<5 seeeetete hs cine y eee cesta | 29 OF | Boiloe Stare gots cate eee 361 
140: | GalvVestOn 4 cscs woscccad sees bee, Geeeeeecuss | 2919! Oh AT eee cee cee cae Are te stl aoe '  ,§28 | 
1§4 | Nassau, Bahamas ...............0c cece cece 25 05 ii) ogi sackave af egg” se Sha 
South | | 
186 | Buenos Ayres ..... 2... cece es cece ec creceee 34 36 | B82 sine garages | Singita ek Base 2 . 389 | 
WEST COAST OF AMERICA. | | 
200 | Cape Horn, Orange Bay..............- cece. 55 31 68 05 |.......- saeiG teats | Lape is Gua ese | . 156 | 
205 | Valparaiso, Chile................ cece eee ee BSCOR ~ UGAG ca: Sasa caen Gat att set wae Gd aot | 151 
North | 
210 | Panama, Naos Island............. 2.020005. 8 55. 79 32 | Manas een eee , . 685 
215 | Mazatlan, Mexico’(west coast)........ .... 23, 11 106 27 ........ eer Niet diee ete: Atk ' 126 
291, |: SAM DiIG@Oevccs iis eo bee tee edentes ise, 32 42 WIG? AD nee ee see ss ete, | poe danes . 231 
224 | San Francisco, Entrance................... 37 49 122 29 Gieeede Pacts sey aoe aaa 395 , 
225 | Sansalito. cic ys. oo ness eek cad eniews eee ces ns 37 §0 | P22 OS i Seat aii Ghat Dues Haute wed ; RisiSady ac . 150 
226 | San Francisco, Presidio, Cal.............. 37 48 R229 seca as tue ee estes pete eate . 149 
227 | Astoria, Oreg........ cc cece cece cece cr en cence 40 11 123.50 .... : | . 244 
230:|' Port Tewtisénd (2.020. cesses eee denies 48 07 | T2245 ses cats Be ede aie os | ee aso desl | . 270 ! 
241 | Sand Heads, Fraser River................. 49 05 123 16 081 | 121 101 354 ! . 169 
250 | SICK See taienc.ce oy aad vee toed ees 57 08 | GAS GOs 28: Shs (ee Tee: | sah dates . 260 - 
| 265 | Kodiak (St. Paul). Alaska ................. 87 48 E522) 24th. tenorcwiea ewes | caer | . 899 
a es a ee = : cgi ee) AE ee at ae 
* Two years. ¢t One year. 
td] 
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computed annual fluctuation. 



























































| aaos at i a pea 
| Principal | Secondary 
No. of 7 oa ) ae 
Ssa years Maximum Minimum Maximum Minimum No. 
observed ee ee ho a oe ee ae oes ies 
; on ee ee 
| Time | Height Time ; Height | Time | Height | Time | Height | 
| 
I ; SS | ee pee i: o> rr aie, eo ae te oo ts 
Feel © | Feel , Feet | | Feet Feet 
i | ‘ | 
| 
0,071 | 217 18 | Dec. 31 0,26; May 12 POLIG losis ness. su toe aid esa chan inane etd 28 | 
. 428 110 6 | May 19 o.gt | Jan. 30 | --0.§8 | Nov. 12 —o,0s5 | Sept. 3 —0. 41 32 
-143 | 7 9 i, ae re Aug. 12 0.21 | May 2 | —o0.18 | Feb. 3 0.08 | Nov. 14 —O.1L 36 
.1§5 146 §| Dec. 4 0.31 | Mar. 19 | —o.18 | June 5§ 0.01 | Aug. 21 —0.17 | 40 | 
. 160 125 5 | May 30 | 0.26 | Feb. 14 | --0,22 | Nov. '7 0.06 | Sept. 3 --O. 11 42 | 
044 309 1 | Feb. 26 0.15 | Oct. 21 | —o.08 | Aug. 25 —0.06 | July § —0.07 | 44 
. 086 7 5 | Oct. 18 0.21 | Feb. 16 | --0.22 | June 11 0.02 | July 4 0.02 45 
.016 181 I | Sept. 18 0.18 | Mar. 21 eae? ee ee | pin oemnesctean) (Site ace stall ada e aietog 46 
. 081 99 I! May 25 0.13 | Feb. 4 | —0.17 | Oct. 23 | 0.06 | Aug. 20 oo | 50 
. 067 145 1 | July 3 0.12 | Mar. 7°: —0.21 | Oct. 28 | 0.09 | Sept. 14 0.07 — 58 
. 059 87 1| Sept.28| . 0.17. Feb. 12, —0.25 |........-- perianal eiaeae paceeness 59 
-044 17 1 | July 26 oO. 21 | Jan. 4 | FOLD: [ey nrcieates ois, rey nua ssl ry iely oe eal aoe WS at 60 
124 100 1 | Oct. 12 0. 24 | Feb. 11 —0.35 | June 13 | O.11 ; July 19 0.10 | 63 | 
113 WI 2| May 31 OQ. 22 | Feb. 7 | —0. 24 | Oct. 26 0.04 | Sept. 2 0, 00 66 
173 47 3 | Sept. 26 0.27; Jan. 18 —0.41 | May 8 0.16 | July 8 0. 07 67 
aii eee Socslcn din meso le gatueadans Oct. I9 0.07 | Apr. 20 POOF: leche eee tease Gaile ata cde aegis 23. “0 
342 1 eer Aug. 31 0.74 ' Dec. 20 | —o.§1 | Mar. 13 | —0.05 | May 16 —o. 28 77 | 
. 106 161 2| july 3 0.37 | Feb. 21 | =O 37 | bake dine cede ave ribieiur etal saline oalise G16 ata ales 85 
194 163 1 | June 25 0.40 | Mar. 2 | —0.41 | Nov. 22 | 0.04 | Oct. 2 —0, 02 go | 
. 060 35 1| Aug. 23 0.23 | Jan. 16 | —O.31 |... 68... rn ce 95 | 
027 94 2 | Sept. 25 0. 30 | Mar. 7. S05 32 1 isa a eae ee see Mela hee 98 | 
165 84 1; Oct. 23 0.41 Feb. 18 | —0. 37 | May 29 , —0.03,, July 4 —0. 05 101 
.103 245 1 | Sept. ro O. 22 | Jan. 10 | —0. 31 | May 16 | 0. 09 June 8 0. 08 103 
. 168 37 DP itee ie hotbed fo west ee dha saens eases ee De Net Ma ah Mca ae Ee at Sesh oats 105 | 
. 308 207 1| July 24 0. 42 | Apr. 3 | —-O.7I | Dec. 15 0.32 , Oct. 9g | 0. 09 106 | 
075 86 1; Oct. 30 0.45 | Apr. 10 | SOG acesnital a eeriesaaesleee eee Wei cae ahs 13 
. 212 359 1 | Sept. 4 0. 26 | Dec. 21 —o. 46 | Apr. 8 | 0.24 | June 20 0. 03 | 125 
180 87 1 | Oct. 18 0.45; Feb. 17 —0. 49 | june I9 0.03 | June 24 0. 03 13! 
- 332 44 1} Oct. 4 0.80 | Jan. 29 | —0.67 May 2 | —0.07 | June 17 ; Ors 140 
101 33 1 | Sept. 15 0.34 | Jan. 26 | O02 38 eskee Shooto swielsi a ue m 4 | sete ee ratiata | re ere | 154 
. 166 336 1 | Feb. 28 0.53 | July 3 | —0. 42 | Sch seed =i guateai aceon dol es racacacnacetw7aleatue arase arnt 3 | 186 
| | : | ! 
013 226 | 1 | June 30 0.17 | Dec. 15 | ONS ie soos sere ethan se neha bin hg aes ' 800 
. 09! 228 | 1 | Jan. 31 ! 0.19 | Oct. 6 | —0O. 22 ; June 18 | —0. 04 | May 7 0. 02 205 | 
| | 
.475 114 | 1| Nov. 1! 0.85 Feb. 20 |; —1.12; June 11 0.33 | Aug. 5 | 0.12 210 , 
133 248 | 1 | July 31 0.25 Apr. 15 —0.20 | Jan. 17 | 0.03 |, Nov. 7 | —o. 08 215 
114 280 , 3 | Aug. 28 0.29 Apr. 28 POSE ace eu Gade | Siielemawiee | eetcuaealine ree 221 
. 184 221 | 4 | July 29 0.50 ' Mar. 27 | —O.51 eee eee ane ote conten 224 
. 043 233 I | Dec. 23 0.15 May 5§ | SOVAF age cedetes (cadek ia ae 225 
.076 | 277 4, Aug. 15 0.22.) Apr. 16 | --0.15 | Jan. 22 —0.06 Dec. 14 —0. 07 226 
151 2 | Dec. 12 0.49 Aug. 26 | —o. 40 | May 30 0.06 | Mar. 21! —o. hed 227 
225 | 3 | Jan. 31 0.40 May 14 -~0. 22 | July 19 —0. 14 | Sept. 10 —-0. 18 230 
217 | 2| Jan. § 0.36 Apr. 20 7 —0. 29 | July 17 | 0.05 | Sept. 28 —O.1§ 24 | 
336 I | Jan. 30 0.25 June 23 | OG esi cape awe male neg dee ae ale oak ane / 250 
49 | 1 | Oct. 19 1.38 | June 22 —o. §5 | Apr. 6 | —0.37 | Feb. 13 —0.54 265 
| 
= eee gs ee ee Ai gamiaies 


} Months. 
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Station 


EAST COAST OF ASIA. 


Yokohama, Japan............... 0. scene 
SHANNA 6s Se ae eke 
SWHLOW o25-255 Soon Bee i ee een we ek 


Singapore 


OCEANICA. 


Pulu Besar Strait............. eat ta Sas 
| 


Ajerbangies. ............. riedpucu Relea een ies 


Natal 


Tandjong Tiram................ \ 


Kuala: Ladjan.ii.5 ck sscees suid con ece ens 
Taridjotig RutOn sss 5 s0 sede tseesycees 


Edam Island .............. 
Boom pjes Island 
Semarang 


Sembilangan 


HON Qk ONG: scos eens iis ce hot eeend Sian seegen | 


eree see ee own ee ce eee ee es eee we ee ee ee 


Pe rae ee ee ee 
eee ee ene eee ce wre ere oees sees 
pea ere eee er rene er oe eres eeeeerseev sees 
acme meee tome ere e ee etree eens er es eee esse 


eee ener ern esr eer eee ee ease eseeeeeenevene 


Pe a ee ee  Y 
eoeosreer ee wees eee e ee eon eereeeee ee ee eevee 
ee ew eeresa en ern esr eereeeoer eserves 


Ce ee) ° 


eon em eee erro ee 
eo eer eres ee esr ersreeeer ee cee 
. 
ey 
eocerere Bee ee ee ene sne eer aer reese erase 


or er ee wmm oer er ere ee eee sr ener re eevee enears 


| 


4 


Gading y.scis cc0 kiss uehaeaek Sweabne ts oa 


Karatig: Kletaies. 5 i050 e605 50th as send anaisoe 


Pasuruan 
Zwaantjes-droogte 
Pulu Sapudi 


Meinderts-droogte....... 0 2... cece eee eee 


Labuan, Java 
Java Fourth Point 


Pulu Langkuas ... 2... 6... eee eee eee ee ene 


Ondiepwater Island 


Pemangkat 
Boeloengan 


Moera Djawa 


soe nee ee meee ewer weer eres eran ees 


eco et ee ee wa ee ee ea sr ec oer ee 


eee reer eee ee Ce Be ee ee eee wo oe we we 


Pe oY 


ee ee ee 


eeeorne ee ee ee ome 2 ee ee wD eee we Bw 


eo ee re srwmewr eres eer e eee sr tees e ee 


ane acer eer seer ee eoevreeve es fee eeee 


eet 





Latitude 


o , 


North 
35 27 
31 21 
23 23 
23 05 
22 18 

117 


South 
2 54 
§ 27 
I 00 

North 
O 12 
Oo 36 
118 
I 42 
2 00 
5 36 
5 54 
5 18 
454 
3 48 
3 18 
I 30 

South 
1 24? 
oO 12 


IU Aw 
S&S 


- 
w 


SS eS OS eS BS 
to 
[2) 


6 24 
6 06 
2 30 
3.18 
I 12 
© 00 
North 


r 12, 


2 50 
South 


* 0 38 
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Longi- 
sade | Mf Mf? | Mm | Mm° ! Sa 
| 
| Mares ee A pet ts 

ny | Feet 2 Feet 2 Feet 2 
East | 
139.30) Wicok teen teenae sl ekeuaes: yeas a eews 0. 341 190 
O21 30 ofa nas oul Sewehc.2 le Fa.b eae Ae wae Ga's 1. 518 128 
116 39 | 0.069 120 | 0.050 . 298 : -467 270 
T1596" less csr dle cteeass eahet wet eas goes . 484 171 
11g 10 . 083 310 .073 101 | 450 234 . 
TOSS) Vowagewe te catet eee eos s | sly Wtaerigre | . 308 209 
106-06) |e ici ele yute or dleyatweitietagagas 394 262 
FOS TO. 1 ise. a0] oe Seen feast teed 4) see eexs | . 184 263 
$00 18 eciaslves cease leiewl oats oka . 258 144 

| | 

Los er 7 Oh paver rere rear a er Pae earerie Paneer are .256') 122 
9.71 give Msc tbaree eee] Aa wideonce’ |e Sieateta nk | 244 | 112 
97 36 [rote seals ceeee cline eee | dt alevare Bats 381 156 | 
98 48 [ptetetes steeeeesdeeeee eee cece ees io) SS 
O35 24 cases Recaieteen see totes seta desk 157 284 | 
95 18 | Goliath mie enee hl acuteys a eBay as | . 289 65 
9S 20 ...... tsiddehat alls Sarsta. : eee | 4302 165 | 
96 00 | ET ee Cee eee | +472 153 
97 48 pees leases le asiclaaiae ' 4430 130 | 
OS AD ao veriueis San, wus | ai eacwe | Matiate Rio | 364 116 | 
00.40) arte eetslente bums fete | seeas' 3958 108 | 
10206)e seernu seen seas | barnes. ee agnaes | 1.194 201 
163, 36. SiS er ssleaneas : PP Oe ana | .755 256 
104 36 |... .... ees ara Garam eaerdes | . 384 273 
TOG GL viseswcatsveeeees ss sia Salata way. . 056 172 | 

5 ! 59 | 7 
10S 24 7 ae Sie eeres~ hence hanes 112 103 | 
l 
TIO 24) vowendas Fe Sree rer eres ee ee : 
112 re | a | is 
ite vais Gad Seesaw tad aeesauas ' 10 
112 36 L oleanee l. : | se : | 
| slotcateeneeerenes | os Bewes ‘ 29 : 
0” ee | 049] 79 | 
PI2AS. oad ates | snag iatace (Mebsacs. eae | Denese 075 33 | 
112 Shi ear adee eaienlies due eke deletes .075 40 
Be ieee dliNoistrnededun see Gu sate . 289 | 
1141 | ce 67 
VAs 2k. st bec hawehe gs ee Sedeas clase .| .272 10 | 
LOS 92 is 3a ees tneeees | Reneeete lose seas & .121 324 
10S, 946 whage oan ddaet | ee eee 354 | 218 | 
107-46: |os.c aces eae Cee See eee ‘ 

73 : 676 283 
POP TD 5 aw Sarees ahi Se Sian ee cl earakaers . 282 184 
109 54 | es Pe ee ree . 842 283 | 
[OG AS. eet MPewcnssy leeucamoleseeelgen “440 | 308 

| | 
VOQ!-00' 5 eine 20 a Seeds “ass SewaGleereee gia - 458 7 
Rig -22: Gerdes hy Austad teres eae . 416 347 
| | | 
PAS! oot vee asaeat ! Laehues o\udiaen ts 267 317 | 
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computed annual fluctuation —Continued. 





































































































[ Principal Secondary 
Ssa 2 Maximum Minimum Maximum Minimum 
observed a =. ; be Sea ies! Bee Se Pete es, A ee 
Time Height | Time Height Time ' Height Time | Height 
ea cet. ctotlte 53 | 
Feet ° ! Feet | Feet | Feet | Feet 
, . 100 118 | 1! Oct. 27 0.38 | Mar. 11 SOMO Wipiue bust oareiddsa Meda caw 4 Rees verre 
. 478 73 | Ij Sept. 7 Ltr} Jan. 28 —1.99 June 24 1.05 | July 21 1,03 
. 258 96 | 1 | Nov. 18 0.64 | July 26 —o.61 | Apr. 10 | —o.o1 | Mar. 12 —0, 03 
. 135 92. 1 | Oct. to 0. $1 | Feb. 23 --0.§7 | psdsatetae: 4 aes ih ee bee silent s. seas ateat edhe Nee tec | 
. Igo 94 | 2 | Nov. I! 0.64 ' July 6 —0. 37 ! Apr. 26 —0.25 | Mar. 20 —o. 28 
-312 234 I | Janu. 4 0.36 Apr. 20 —0, 02 | Aug. 3 0.34 | Oct. 14 —0, OI 
| | | : 
.079 180 5 | sien owe leamenowes es bf ace rada Area. els lata testes | Seen eee Jrsececeresslerseceeceelsceeeceees 
.312 F207) eae hen Nov. 24 0.48 Aug. 14 —0.39 , May I9 | .14 | Mar. 1 —0. 25 
214 120 2! June g 0.28 Feb. 19 ~-0.47 | Nov | .23 | Aug. 24 0.04 | 
| 15% 106 | 4 | June 5 0. 28 | Feb. 7 —0.40 , Oct. 20 : 12 | Aug. 30 0, 08 | 
| . 226 32 | 2, Sept. 22 0. 28 | Jan. 8 —0.47 Apr. 24 | 23 | July 6 0,02 | 
. 131 108 I Oct. 9 0. 32 | Feb. 19 PHOLSE vaidisodatocal weseiahacu Alpes wees | mune. Saat 
| . 190 166 1, June 16 0. 37 | Mar. 2 —0. 23, Dec. 13 0.01 | Sept. 28 | —o.20 
. 082 261 3 Jan. 23 0. 23 | May 24 -0. 18 | Aug. 23 --0.04 ; Oct. 1 —0.05 
| . 223 145 3; June 2 0. §1 | Sept. 22 | 0.30 Dec. 7 —o0.06 | Feb. 13 —0.23 
. 279 2 0 an Dane | Nov. 0.41 | Feb. 21 --0. 58 | June 5 0.22 | Aug. 12 0.00 
| . 226 147 1} July 3 0.42; Mar. 3 --0 6g Nov. 3 0. 28 | Sept. 14 0. 23 
223 143 1; June 25 0. 48 | Feb. 23 --0.63 Oct. 26 0.15 | Sept. 27 0. 13 
. 161 305 1 | Aug. 11 0.48 Dec. 13 ORS ae huahe dal ahyewiwr swe saaleeeecaeee eae aciaases 
. 161 71 1 | June 21 0.82 | Jan. 12 PENEAO. Seiten 3 Sigg al eae See eens ead read ate e dae Kak 
| . 266 194 1 Nov. II 1.03 | Apr. 6 —1.43 : 
. 289 | 85 1 Dec. 1 0.75) July 24 —0. 99 
052 53 1 Dec. 7 0.35 | July 4 —0. 42. 
075 143 3 Nov. 22 o.o9 | Mar “0.13, : : 
052 107 5 : June 3 0.14 | Dec. 31 ~-0. 15 
| (secu ules ete wlaleneawee nes | june g 0.37 | Dec. 8 —0. 37 
| . 184 | 150 June 16 0.52 | Feb. 15 —O.41 | : ; : 
| 217 | 165 | Dee. 17 0.32 ; Sept. 8 —o. 28 : : 
128 154 1} June g 0.18 | Mar. 4 —0.13 . § ; : 
. 105 126 1} May at 0.17 | Sept. 2 —0. 15 ‘ : : 
. 098 142 1 | May 29 0.16 | Sept. 11 -0. 14 ‘ ; ; 
115 106 2 cosyalealseoeuedaasy ee en ee en 
. 144 167 5 | June to 0. 42 Oct. 10 —0., 28 ; : : 
. 180 VIG. etatieued May 15 0.36 , Sept. 8 0.42 : , : 
217 174 | I | Dec. 25 0.29 , Sept. 14 —0. 32 O. ’ 
. 210 169 s' Dec. 2 0.48 Mar. 30 —0.49 108s : 
. 066 138 : 4 | Dec. 26 0.71 | July 17 —0. 66 | | 
. 098 86 | 5 | Oct. 18 0.34 | Feb. 26 —O. 32 . | 
210 135 | 2 | Dec. 18 1.00} Aug. 1 | --0. 87 
| 210 155 | 3 | Dec. 27 | 0.54 | Aug. 26 | —0. 58 
! 
.079 104 2! Dec. 5 | 51 | July 9 bade: 46 
. 188 28 1 | Mar 27 | 0. 87 ! July 29 } —o. 45 
IOX 73 1, Mar. 25 | 0. 22 | Aug. 3 —0. 37 
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490 


506 
§°7 
512 


513 
S15 
516 
$17 
518 
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597 


612 
614 
620 


626 
627 
628 
632 
640 
641 
660 


680. 2 
680. 5 
681 
681.5 
682 
682. 5 
683 
683. 5 
684 
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685 
689 
689.5. 
690 


710 
720 
722 
725 
726 | 
730 
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! 
Station a ee ' Mf. | Mf? Mm | Mm° 
| | | 
| | | 
| of Oo ' Feet ; ° | Feet ° 
OCEANICA—Ccontinued. South | ate | 
Bay Of Balik iiss 42560035 e6es etsesiwenw esas | 1 16 116-88) ons 5 Jere eeees Wi a deaegh Gti bao a,b facil 
De Beal bse s orrh ond ea he es eo eae 606 | 118 54 ......-- eee nee 
MaAKASSER ccs sac Bat Sew kien tee eA eS | 5 08 PIGE AA is ios we Sea tien emagaies Gein, oo 
Dong galas x62 Stness oto hare ee ees oO 40 | VIQSGS  occeatein tains joeteeees | rath nogtneas 
| North | | | 
TONUGIE fe cee iste a aeshesee atidnssieved I 00 2065 eccce ciete ee aul aaa as eae ouak 
RE Mid iat he aed a wean nlneh Shakes | I 24 | 125 001) motes ewes eee cae se | segue ebae 
GOTOnt ale <5 os herbi Ha Bea ease RAN AiR ae OES oO 30 122506. [54 sate olsen swe: cake etd vblees vee 
| South ! 
POSS? oe eee He Ea ee Re SEs I 24 £90. GA eS iis elaeca esa Seed ae aac 
KAQQNG i oooii ceed acdsee ntiediewas cet acawer 5 24 120 18 Penn nent e ete ee eee cee 
Bont ei isos else esis bo oaaG sah eee eens 5 36 119 §4 |........ ; | naib cid | orem 
DRIOV OR ois tak tae Se bk oS oe Pe eee 6 06 12030) 23.2545 4ltaw ete: ee relat ahha een h 
BG od Seek Eh eure meee eis Be Sea eee AR 8 24 11S 42 eee ee ee ees eee aioe. 
KUPANG veeccetoreis “Gaia scunisen vans > veeKees 10 12 123-20 lichsieaspeesaue ys | shee ae oat ees 
BONS oi 6 oe Soak anos $b Re Sia a eRe Wks 4 30 ayags sweatin rae caer hoes, Sic Miad oo atau 
North | | 
Gamisun el ico) Gisadeinsiee si Sia ever eee wns oO 12 128 48 clade hatvel anaes | Servers 
TORNSUO cess. Ge Sakata, Vee eeca/ mes o 48 127 24 o tote e bette eee ee eee 
GBlOlas 6 sede ccp ceased Kees Poh ees teens: 1 48 197 49. eta nae gecko tule ances Uso avevangans 
TATUNS: crsotesc cia e tess ioe beet eee ok 3 42 125 30 j........ ete ee sree eres jotteeees 
Manila. Pe lessee cares aa wees 14 36 $2078). ese ens theah aul eteranie: owed he 
Olongapos Po Usss ceeds ats kwiweaiee A eotten 14 50 990 1G) (oso seearilea eas ces Cagadeeslees we 
HON Olt 225 esses eh ee new Ree ies aes PU 98. ANG ISS 2 ci gee mchioseawen Bus vera Casi 
South | 
Auckland 2.22 ect iseteeencteeesn ee .adoes 36 §1 | 174 48 i feist Pots aed aaell se haeacten 
Wellington, New Zealand .... ............ 41°17 174 46 | a MEE Oe esas aa diacemioalste ance 
Port Chalmers ........0 oc. cece ccc cee caees AGF5O ji. 99240 Gliese ieee bee soawd use eee 
Port Darwitis cin5 se fe ct/eie pense Piet Snes 12 23 BGG 37* shores tae ee Pi nag athe, 
COGK(OW!N 6026. eierhatae octet eats 15 27 146. 16) [eset Lee aeta Saulp ater aee aie henienere Sumi 
Cairns Harbour .................000e cee cee 16 35 145 47 Wii ences io 3 an she Sate aly pads 
Brisbane: Bar isis cores. 4 2etasas wee sees ies 27 31 15600 |: caweseslsveeeakalaeaeuetis casted (3s 
Baltes eck he ides ce ee owas ak cea ees 28 §2 153 33 . 097 314 . 102 2 
INGWCASUILE 5 Seiad be Rae ee ae tee bee eae S 32 57 ISI 44 | .OS1 | 105 . 082 198 
SVGUEY 6 .cashiveeOingah ia seem meee sa seve 33 §2 | 151 12 | rere aa Eien Deere neh ane 
POrt: AGGlAvGe 5 5.605, ioe 5 eee ee Read Sa Sees 34 51 138 30 . 06 181 | 07 200 
Princess Royal Harbour.................... 35 08 118 00 . 064 175 . 065 135 
Freeniatitle ioc sas si snk ogc Pet ec ewds eaueeesen 32 03 115 45 . 082 25 | .079 , 147 
INDIAN OCEAN. North | | 
Mergui (Bay of Bengal)........0 .......... 12 26 | g8 36 043 19. 067 14 
Amherst, Moulmein River.................. 16 05 97 34 . 067 327 | .O71 | 2 
Moulmein, Moulmein River................ 16 29 97 37 328 | 39 . 366 3 12 
Elephant Point, Rangoon River........... 16 30 | 18 . 108 35 | . 096 355 
Rangoon, Rangoon River .................. 16 46 | g6 10 181 34: .206 12 
Diamond Island......... Rx te cw aya, eee 15 52! OF IS; aiitsaclot east Boats 
BEV ED oi hisS as bce he tees oes etna Meee ee 20 08 G2 54 . 064 ! 1g0 | .045 321 
CHITA QONY csci ceeds Sadi ueiseaeesewsseds 22 20 | gI 50 | .44t i7 ) 192 ' 356 





























Sa 
Feet ae 
315 19 
. 088 326 
. 068 315 
. 367 | 242 
-955 107 
328 231 
341 16 | 
1.552 359 | 
-453 259 
. 226 224 ! 
.121 291 | 
-975 Ss | 
-489 351 
. 198 256 | 
.226' 357 
. 541 340 | 
850/64 | 
.451 162 
. 480 | 162 | 
225° 197 
- 357 | 88 | 
. 241 84 
. 080 2 
.970 76 
. 346 320 
. 202 | 9 
. 109 8 
413 7 
232 70 
- 093 16 
305 126 | 
328 Ii 
537 27 
. 589 146 
758 136 
2. 330 149 
842 140 
1.315 147 | 
944) 145 |! 
1.567 | 134 
ee 4 
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computed annual fluctuation—Continued. 

















































































































Principal Secondary 
(| Noof _ re : = i. J 
Ssa years Maximum Minimum Maximum Minimum No. 
observed mj Soe on ee cary ae a 
Time | Height Time | Height Time Height Time Height | 
= = I = fi <2 wit = bee Ey Ges es Pua 
| eat 2 = ~ 
| Feet e | Feet Feet Feet Feet 
092 208 | I May °5 | 0. 24 ) Oct. 8 ete, Ce 594 
- 344 354 Re Lee Seo Re ELMER aa GAITAC RAS VAS TE POLOS 55 DCR S Ce OO Ree ells Cee tLe Bee Ole aaewes 597 
| 
O21 | 229 5 | Feb. 2 | o.1r Sept. 12 | —0. 10 Dacia Paces teat etal a Ried unt tae anes 5% 
.O18 307 4. Feb. 15 | 0.08 July PEO | ota ek Gals ad ae katate Sia fawnashds. aa, ate elerayee 5)2 600 
- 331 | 215 , 4° Dec. 30 0. 61 _ Apr. ig | ~—0.61- July 24 o.11 | Sept. 25 | —0.10 | 002 
085 | 289 1 | July 18 0.99 Dec. 28 —0.95 | Meees ee El cetier oni ciel eae: tenseees 603 
141 208 1 | Dec. 16 | 0.38 | Apr. 20 | = OLAS. a iraedoeeclecd inet vewl pada Seente eawevedss 604 
| 
| 
- 049 | 137 | 1 Apr. 25 0. 34 | Sept. 25 | —O. 37 k Sips Babe deh Ca eae eee bene eeeee | Soe a ees 605, 
413 | 155 1 | Apr. 24 I. 30 | Sept. 14)  —1.96 pab eenseoheriete! Nadie etic nd Maat 607 
- 564 | 275 oe Bae Jan. 29 0. 83 May 14 | —0. 96 | Aug. 19 0.37. Oct. 31 Dee 1g , 008 | 
. 167 37 1, Oct. 17 0.38 | June 25 —0,29 | Mar. 29 - 0,03 Jan. 31° —O.11 | 609 : 
. 157) 226 I Jan. 14 0.28 | Apr. 26° 0.17 July 16 0.04 | Oct. 3 70,16 | O12 | 
.128 188 1! June 21 0.19 | Oct. 1, —-o.18 Jan. 1 0.07 | Mar. 20, —o.08 | 614 | 
. 161 40 1 | Mar. 20 0. 64 | July 30 | SOME Grsteee Seal tereapates. cwentaee’ oe 620 | 
| | | | 
114 TOO. Adsaccewies Nov. 19 0. 30 | July 24 —0.23 Apr. 28 0.05 Mar. 7 | —0.07 | 626 
| | 
059 VAS owteweeas Apr. 25 0.20 | Sept. 11 O28 i di tkg hele e sie wea Mea we eee eo ek et 627 
141 | 97 1 Apr. 2 0.49 , Aug. 21 SNONOS ts Se dn tatelagied kamera yeas aeuwa tesa aekad 628 | 
180 45 1, May to 0.95 | Dec. 16° 0, OO: hed veut sell ones aaer ee hs ieee ies bees gt 632 ! 
102 | 58 I Sept. 25 0.49 | Feb. 13 a Occ coe 640 
136 al 1 Sept. 21 | 0.57 | Feb. 4 SOUSE iconwens vol awene geese hee eaue y Bees ez 641 
. 090 | 331 1! Oct. 8 | 0.30 | June 1 —0.16 | Apr. 9 —o.12 | Feb. 13 —0.1§ | 660 
| | 
| 135 266 2 July 21 | 0. 47 | Nov. 19 | —0.47 Mar. 13 0.00 | Mar. 29 0.00 | 680. 2 
. 035 240 Eo bhci sie ees eS iw a xeay | ea aie ae eee jroteseecens eis it ease Sint twat tees Spt ae: cpap Rie a sateen tera, 680. § 
. 064 165 T lnweunud eae suceh at atsle Gaewauearae i eeieh tae, Maids lect tete he as snes tees OSI 
| | ‘ 
| 540 | 58 1! May 6 | 1.30 : Jan. 6 ; —1.31 ! Sept. 20 0.06 | Aug. 20 | 0.01 | O51. 5 
051 36 r Feb. 28 0.34 July 31° —o. 38 Nai ec) Go ltteeeeees teeeeees | 682 } 
. 050 | 157 | I : May 1 0.19 | Sept. 20. ~0. 25 pes | 682.5 
005 156 | 1 Apr. 4 0.10 | Sept. 27 —O. If ae ae eNnte: Ganiataar: elena | 683 
063 287 1' Mar. 13 0.40 Oct. I1 20° AG hie Sire eels eevee ke Je ehwmvess Vestas. Sais 653.5 
074 201 | 1, June 19 0.29 | Oct. 30 | HOLE? |) ae vt as Sloe he ee ee Shenae a Fee ae wat cance | OS4 
oo8 97 *6 Apr. 17 0.10 | Sept. 28 —0, 09 | pitas Sentied Jotteeteces leeeeeeeenctens seeees — 685 
225 May 0.32, Feb. 3 | —o0.53 . Oct. 15 24 ~AlUg. lo | 0.08 | 689 
235 | 97 1 May 26 0. 43 | Feb. 2 | —0o.54 | Oct. 18 14 Aug. 24 0.04 | 689.5 , 
175 126 1' May to | 0.65 , Sept. 19 ! SH OrS8 haste savas Dida dasne ae aecPal et nmetee | 690 
| { 
| 113 | 5 | Sept. 9 | 0.44 | Feb. 16 —0. 74 | July 29 | 0.43 Aug. 13 0. 43 | 710 
145 5 | July 18 | 0.68 | Feb. 17 | ae er: ee ee Pid re eee | 720 
286 | 6 Aug. 18 | 2.94 | Mar. a1 | —1,82 |.......... eteeeeeees Dnt teen essere ees 722 
150 5, July 27 | 0.93 | Feb. 20 man ta a eae ae Jere ee eeeees Jrtteee eee pore | 725 
339 17 , Aug. 26 | 1.45 : Feb. 3 | E20 leseweswses eee ee Uae ee | edt yalgra brute? 726 
ie De Ue ink ede Beas NAS ous ieee bea laeeew amet se Sioa thalasan eeeaiy aati ata taba ady seg enawerumetaseeee 73 
160 § July 13 | 0.83 ' Feb. 27 | -1,11 | wl ehh eras een | Ce ee re oe ee re eae 735 
195 5 , July 27 | 1.64 | Feb. 17 | —1.55 mean Cecgecs | pVark Rates ea eaee gilt | 740 
See tier dit aes 3 aor baw pes ee) 














* Mouths. 
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Long-period tides and 
































I 
| 
No. Station | Latitude Tongi- | vf | Mf | Mm | Mm? Sa 
| ' ! 
| | | 
| eee Sas aos pease — | eis 
| INDIAN OCEAN—continued. : . aie os ae Feet isd . 
-Vorth | Fast | 
: 745 | Dublat, Hoogly River ...................4.. ) 21 38 | 88 06 | 0.061 60 0.037 89 | 0.876: 151 
746 Diamond Harbor, Hoogly River ........... 22 11 SS 12 .153 42 ti? Io; 1.058 | 142 | 
747. Calcutta (Kidderpore) ..................... 22 32 | 88 20 . 263 35; - 287 | 4 | 2.852 | 156 
| 748 | False Point <0 vice icee heey ark eines tha non ee | 20 23 86 47 075 | 29s. 046 67 . 829 166 
755 | Vizagapatam .... 20.0... cc cee eee e ces | 17 41 | 83 17 . 054 14.043 : 21 .694 184 | 
758! COCANROD fic ciwcoeiacewd nee deesnadeeh sas 16 56 8215 | *.084 II . 063 321 .720 202 
903)| MAGTAS 232545 0505..90 nea de scaee saint asus 13, 05 80 18 . 043 22 . 034 ! 28 394 | 216 
765 | Negapatam....... .... cc cece cece ee cence | 10 46 79 §! . 066 1 . 049 335 444 | 234 
770 | Pamhban Pass ...... 0.0... cece cee cece eceeees 9 16 79 09 043 355. 048 | 27 | .149 302 |! 
Pra P TMMCORE x ccc iae apts tereh en cb caamneeh athe 8 48 78 09 O41 357 044 | 93 | .299 310 
773 | Trincomalee, Ceylon ...................000- 8 33 ! 81 13 054 | 14. 042 ! * 352 ! .251 | 263 
775 | Point de Galle, Ceylon ..................... 6 02 | Ro 13 . 038 19 . 039 14 | +350 | 309 
776 | Colombo, Ceylon .............. 0.0... cece eee 6 56 79 50 . 043 358 037 27 | 313; 308 
780 | Port Blair, Andaman Islands.............. Ir 40} 92 45 .048 | It 025 7 | 200 «(144 
785 | Cochin................ atathin ee taaweed ta | 9 58 | 76 15 . 056 | 356 O41 | g2 .337' 302 =| 
787 | Beypore ...........ccceenseees Jadhacen seen 5Alin It 10 75 48 . 068 t 23 . 081 50 .308 311 
903 | RGPWAT 9: o6 todd s0.44 devetenxveaewceeeeaederen 14 48 74 06 . 042 | 5 . 065 27 -352 | 310 
795 | Goa or Mormugéa.................0.0. 008. 15 25 73:48 059 * 359 .030 369 .269 313 
800 | Bombay (Apollo Bandar) ....... .......... 1855 7250 049 | 5 . 052 | 5 .110 350 
| 8o1 | Bombay (Prince’s Dock) ..... ............ | 18 57 72 50 053 13 . 054 322 .102 + 303 
' Bo2 | BhA&vnagar .............cccccccccecccececees | 2148! 7209] .063 | 356 10g o' 6.246! 108 
805 | Port Albert Victor.....................0000- ‘20 58 7133] .032 26 045 126) .162 243 
'  Bo7 | Porbandar....... .......ccusccescccscacsee: | 2137!) 6937] 1016 |... eee eee Peseaniite .078 289.8 
| 809 | Okha Point and Bet Harbor ............... 22 28 6g 05 . 050 44 066 | 312 . 162 | 3 
| S10") -NAVANGS oescs che tow stern te rued ec Seevocs 22 44 | O04? | is Satan a eceuein poewe pe ea eass seis 
Bi) | Marista iach. ciocs iets tes nae uga cia cnevewss 22 55 © 70 21 . 101 37 .321 | 14 024 195 
»  Br§ | Karachi...... 2... cece eee cece ee cece en oe 24 47 66 58 . 036 I 051 | 25 .130 | 68 
820 | Minikoi Light......................... 0000. 8 16. 73 Ol . 052 8 038 56! .357! 354 
896 | Bashire 22 06s0.05ee sede ee oy chdehasias tin cei cts 29 00 ! §0 §2 . 027 179 | 073 | 47 | .283 149 
)  $B3G4)-Milstatiy ca vsoiapes saison eicnied teu, 23 37 58 35 . 036 5.047 | 2B 61387 
| 840 | AGO ise 6 waren ues 2552S adkonse Gondsuedee, 12 47 | 44 59 042 16 035 | 20 | .378 , 356 | 
: B45) SUCk 6 otc sh ocd dn ie es ckea wavncbabeewsensewas 29 58 32 32 | $(.042 | $171 3. 106 $53) #(. 499 4312 | 
850 | POri fica enacts Meese sh ceaeus: Beaten 12 38 43 24 046 20 .030 | 197 .362 342—O 
| South, ' 
870 | Port Louis, Mauritins Island............... 20 08 87 2y . 036 ! 350 |. 047 2907 i«w 211 | 346 
| WEST COAST OF AFRICA AND EUROPE. | | | 
goo | CAPO TOW! iieccich ous GAG ae Paes | 33 54 BRIG be et ans ee ee pote teeee -124 , 256 
g08 Duala (Kamerun)............... 00.00.0000. 4 03 | 9 40 |... wee. | Pente dias Deth *Siles le asanie Be 361) 206 | 
| North : 
925 ' Toulon, France.............. 000. ce eee eee 43 07 5 56 .OO1 159 057 | 196 .123, 254 
| 926 | Marseilles, France........... 0.00.2... 000. 43 18 | 5 23 . O19 , 229 .O10 243 151 185 
“West | ; | 
935. Socoa, France «2.5 v5 sesh chew wad ede eaes 43 24 I 40 .O15 1066. 056 327 . 180 217 
942 | Boyard, Framce..... 2.0... ....ccceceeeeeees 46 00 | 1 13 028 148.049 203 .240 192 | 
943 | Rochelle, France.............. ere ee 46 09 109! .033 26.410 239 . 401 257 
944 | St. Nazaire, France ....................000. 47 16 212 ! .O6O1 | 268 . 099 4 -423 256 | 
946: IEESt, Prances xcoie5 cca is Seen ar ahaa 45 23 4 29 . 043 173). 085 355 . 203 | 229 
Se ee : i i aa: : _ oe 


* Four years. t Five years. ¢ Two years. ¢ Three years. 
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computed annual fluctuation—Continued. 
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. 108 | 
170) 
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. 063 
. O80 
. 190 


131 
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iit 
118 
76 
58 
114 


118 


129 
123 
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Principal Secondary. 
i Ss Seo SS 5s 2 oof sea At 
| Maximum Minimum | Maximum Minimum 
be - Zs Me See S.. Gge: Gs 
| 
Time | Height Time Height Time Height Time . Height | 
1 
| ~I _ ee, es Sp usa oe ae Soe ee array ey re me 
| | Feet ) Feet | Feet Feet 
| \ | 
1 
| July 30 0.72 Feb. 26 SPLOT sey Rew ee saine) wee Aha bes a Soa ! 
Aug. 7 0.497 Feb. 16 | PING oases ctiving 09 Abba moles ata W ew cales pbeseeee | 
Sept. 2 3.76 Jan. 17! 2, BP ee ye rete eee ee eee es ) 
Oct. 19 0.60; Mar. 9 | 1.11! July 28 0.§8 Sept. 3 | 0.55 
' Nov. 2 0.82 Mar. ' —o. Ge depauhat colitis oriarnets Sa ad ee te a Or Re oa 
| 3 9 | | | 
Nov. 4 | 1.04 Mar. 3 —0.85 | June 9g —0.1§ July i — 0.19 | 
Nov. 17 ! 0.08 Mar. 9 _  ~0.§3 | June 5 0.02 Aug. 5, —0.20 
Nov. 23 | 0.78 | Mar. 14 —o.48 | May 30 —0.09 Aug. 6. —0.34 | 
Nov. 27 | oO. 22 : Aug. 12 —0.30| May 2 12, Feb. 21 —0, 02 
Dec. 5 0.23 Aug. 3) --0.43 | Apr. 1 .21 Feb. 5 0. 16 
Dec. 2° 0. 45 | Aug 13 ~—0.31 ; May 22 -0.03 Mar. 19 —0.17 
Dec. 21 | 0.32, Aug. 12, 0. 45 [lesan atin te [Selec sieban adit eens ome agiaalt 
Dec. 15 o,30 | Aug. 11 SOMA 5 28 inte & oii ace eee ES oa wees eed ee 
July 10 0. 26 | Mar. 12 | —0. 28 | Nov. 20 0.03 Oct. 20, 0.02 — 
Dec. 27 0.39 «Aug 19) SHO SAO. 6 boa BS Mo tie UR om pore Benoa wean. Sedal eae s 
| 
Jan. 13 0.45 Sept. 14 —0. 36; June 11 —0.08 May 9 — 0.09 
Jan. 24 0.41 | Aug. 24 | PHOUBT, one sithai Celene anne at ateame ety aurea ys 
Dec. 22 0.27, Aug. 18 So ey Ae ee Se ee ee ee ee ee 
Jan. 13 | 0. 18 | Sept. 30 | —0.24 | June 23 010 Apr. 9g , 70.04 | 
' Dec. 26 | 0.24 , Sept. 13 | —0.19 | June 17 0.05 Apr. = O,11 
. June 16 | 0.37. Feb. 19 —0.32, Nov. 16 —0.03 Oct. 3, —0.06) 
Nov. 28 ' 0.31 Mar. 16 | —o. 18 | June | 0o.of Aug. 13 —o. 16 
' Dec. 8 | 0.21 | Aug. 29 | —o.19 | May 30 .o08 Mar.12  —o.10 
May 19 | 0.20 , Sept. 9 | —o, 28 | Dec. 25 09 «Feb. 23 . 0. 02 | 
ib GeAesiel eta seaeee as INES sian hadven ge edae thentanctal eae daash- ce aoa wasaeaes 
| Dec. 6° 0. 10 Mar. 13 | —O.11 | June 14 Sept. 7 —0. 07 
June 5) 0.28 | Sept. 18 —0.18 | Dec. 7 .02 Feb. 22 —0. 1§ 
Feb. 1 0.41 , Oct. 8 Ol AG lice tein Mi dake -widewa ed onelewu daa wees 
4 | at 45 | 
July 28 0.37. Mar. 25 EOS PEs onl a eh i occ tiliad » pitecc tune & St anes 
June 26 | o.28 | Mar, 12 —0.16 | Dec. 24 0.00 Oct. 10 | —0. 15 | 
Apr. 25 | 0.36, Sept. 5 TOMA ecaisatatiin ol) Sere he dt 4d eae epee liye wld add 
I 
Dec. 26 0.42 Aug. j1 0 O58 tess vers crn Ulva sae tel bastwrelee tudes Pacaawe | 
Apr. 21 0. 35 | Aug. 23 —o.§2 | Dec. 29 0.17 Jan. 25 | 0. 16 | 
Apr. 29 ©. 22 | Aug. 26 —0o.32 | Dec. 21 0.11 Feb. 6 0. 08 | 
| | | 
Nov. 7 O. 21 . July | —o.20; Apr. 17 0.02. Feb. 14 | —0. 05 
| Oct. 20 oO. §1 | Feb. 24 | —o.28 | Apr. 25 —0O. 21 June 13: 0. 25 
| Nov. 22 0.23, Aug. 4 | —0.16 | May 7° —0.01 Mar. 7 —0, 09 
Nov. 11 | .27 | Feb. 26 -0,30; June 2 0.09 Aug. II | —0. 05 
| Oct. 37 0. 35 | Feb. 16) —0.20 | May 3 —0.01 ; July 16 —o, 18 
, Oct. 29 0.25 Mar. 16 O86 he aw eee eka wen ee Veh lea eeaay seukse ee ee 
Dec. 1 0.47! July 3 0.35 |e nseccaden pale dusnhe, ee | 5% Sas | 
July 8 | 0.54 Nov. g NORGE acct Atraat era irancdra kta, gone td tiara tbes Gtttteres | 
Nov. 28 | 0.27. Apr. § =~, a er et eee ete ee ee eae ee ee ee } 








4 Three years. 


463 


745 
746 
747 
748 
755 


810 
811 
815 
820 
825 
830 
840 


850 


870 


33 


925 
926 


938 
942 


946 
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948 
95° 


952 
953 
954 
956 
958 


970 
971 
978 
980. 5 
981 


982 
983 
934 
985 
TOOO 
Too! 


1002 
1003 
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Station Latitude 
Oo -F 

WEST COAST OF AFRICA AND EUROPE—Con. | 

North 
St. Servan (St. Malo)................ 0.20005 48 39 
CHEPDOUlS tac cet icuitese tie nthe reas 49 39 
| WEAVE 33 Sos cee eae a ee es ede a em | 49 29 
Thurso, Scotland: coxsésivess sks seuaesn ies | 58 37 
| Edinburgh, Scotland.............. wena Ae 55 59 
West Hartlepool, England... .............. 54 41 
| Sheerness, England....................0005 51 27 
| London Bridge, England .................. 51 30 
Ramsgate, England .....................008: 51 20 
| 

_ Pembroke, Wales................. eee eeeee §1 41 
Helbre Island... ......c.cccccccccccccen scene 53 24 
Liverpool, England .....................60, 53 24 
Greenock, Scotland ........... 0... ee eeeeees 55 57 
Queenstown, Ireland................... 0... | 51 51 
Galway, Jrélandsccssc sic cele ees cds ens eens 53 14 
Ostende, Belgium ............... cee ee ee eee SI 14 
Hook of Holland ................ cc ec ee eeees 51 59 
Ymuiden, Holland .................. 22.00: | 52 28 
Helder, Holland ovaciscniwicssay dese lowes 52 58 
Christiania, Norway................-eeeeeee 59 55 
OSCATS DOTS 66668 ss ack SG on Wedd ee ee ess 59 41 
ATONGAL. os ccGusduccagure tsk iecud yn naenee 55 27 
SUCQVBN GOL oie Sse oi AG SG eee aoe es ewes | 58 59 
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computed annual fluctuation—Continued. 
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125. On the possibility of the annual height inequality being due to fluctuations in the 
temperature of sca water. : 

In an ocean or portion of an ocean lying upon one side of the equator, the heat di- 
rectly radiated from the sun will be absorhed most rapidly at the time of the summer 
solstice. The maximum rate of deriving heat from the earth’s atmosphere and from 
inflowing streams must generally occur somewhat later. From the same sources 


least is being absorbed by the ocean soon after the winter solstice. From these consider- — 


ations one may perhaps infer that the assumed body of water, all depths being considered, 
would contain the greatest amount of heat not earlier than the autumnal equinoxes, and 
the least not earlier than the vernal. For portions of the ocean lying in low latitudes 
these times will be accelerated, and the range of the annual temperature fluctuations 
will be less.* | . 

While it is undoubtedly true that the surface of the water im high latitudes stands 
on a slightly higher level than in low latitudes (as was pointed out in sec. 115), and is 
higher in the early autumn than in the early spring, it can be easily seen that this annual 
fluctuation can not be considerable, 1. e., it can scarcely be a measurable quantity. | 

Suppose the surface of the water at a point in high latitude to be 0.1 foot above the 
surface at a point 8000 miles away in the opposite hemisphere. The instantaneous 
slope will be 2 one-billionths. And so the accelerating force per unit mass will be 2g 
divided by one billion (Eq. 91, Part IV A). But this acting through, say, three months 
will give rise to a velocity of 0.52 foot per second at the surface. The velocity will 
diminish in going downward and the flow near the bottom will generally be opposite in 
direction to that at the surface. If the assumed distance were less than 8000 miles, this 
velocity would be increased in proportion. : 

As no such alternation of surface flow from one hemisphere to the other has been 
observed, it is practically certain that the results due to annual temperature changes in 
the water can not cause an arinual inequality in sea level with a range as great as o.1 of a 
foot, and so this portion of it may be neglected. ; 

In an inclosed body of water the annual temperature changes may easily produce 
an annual height inequality, but this would be concealed by the much greater changes 
due to the varying amounts of evaporation and of tributary waters. In going from 
o° to 15° centigrade, pure water expands only about three-fourths of a one-thousandth 
part of the original bulk or depth, while sea water having a density of 1.028 at 0°, has 
a density of 1.026 at 15°. 





* See temperature maps in the Atlases of the Oceans published by the Deutsche Seewarte. 
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CHAPTER IX. 


SEICHES IN LAKES, BAYS, ETC. 


126. The problem of seiches in variously-shaped bodies of water is one of peculiar 
interest to the mathematician because it presents analytical difficulties which have not 
been overcome save in a few simple cases. The problem is to find the free periods and 
natural modes of oscillation for given bodies of water. No attempt will be made here 
to go into an elaborate mathematical treatment of the subject. 

Chapters III and IV, Part IV A, show how to ascertain oscillations in square,:tri- 
angular, and circular areas whether the uniform depth be very small in comparison with 
a wave length or not. <A few questions relating to long-wave motion in bodies of vari- 
able depth are briefly considered in Chapter IV. A number of experimental tests are 
described in Chapter V of the same part. 

For a rectangular body $A in length, the period 7 of the slowest oscillation is given 
by the equation 


= / tanh ie (304) 


arenes nico ee 


For long-wave motion, 


A — twice length of lake _ 4h 
T= aoe ee ih = le h (306 ) 
VE VE VE 





where 2Z denotes the length of the lake. 

Tables 46—52 facilitate the computation of 7. The theory of simple wave motion 
is given in Chapter II, Part I, and brief mention of the seiches 1s made in section 16, 
Part I. 


127. Long-wave motion in a canal of variable cross section.* 
Let 2 denote the area of a cross section and 0 the breadth at the surface, then the 


equation of continuity is 


¢=—- — 9.08), (307) 


because the variation in the sectional volume whose length is & (i. e., its change for a 
small unit length of 7) must be equal to the volume of a horizontal layer whose length 





* Taken mainly from Lamb's fy drodynanics: 
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is unity, whose breadth is 5, and whose height is ¢. This becomes 


a Fu ? (468) (308 ) 
if Q=A6 and / denote the mean depth for the section. The dynamical equation is 


V5 OF 


2 853° (309) 


| } beens & . 
Upon differentiating (308) twice with respect to ¢ and substituting for oF Its 
value from (309), we have 


v2 gd Ap ae 


f= Bax\ Pag oe 
If 
€=F(x) cos (af+a), 
(310) becomes 
§ ic( #022 )+at=0. | (311) 


The stationary wave in a canal communicating with a tided sea is found by writing 
6, h, or both, as functions of x. If 6 be proportional to +, and 4 remain constant, the 
amplitude will vary as /, (4x) where k=a* (gh); if the 4 be proportional to x, and 6 
remain constant, the amplitude will vary as /, ( 2«'x+) where « =a*® 1 (gh,). In 
both cases the origin is the head of the canal. 

Consider a canal of uniform breadth and whose mean depth varies uiennly from 


__ hy 
zero at either end to h, at the center; i. e. suppose h=ix=7 x where Lis the dis- 
tance from either end to the center, the origin being taken at one edge. 


Equation (311) now becomes 


ve 08 — 
Xt yt Ke= (312) 
where 
a aL 
eae a) (313) 
writing ¢ in the form 
<=A+ Bet C4 Dre+FExt+..., (314) 


and substituting in (312) we have finally 


o Kx Kx KS Kt x! 
ce d(s— Settee aegtaaryigy «+ = 


=A/,(2x'x') (316) 
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since 
4 6 


——— Vv" V Vv ; 
So Oia oa an ear Va ees (317) 





For the slowest mode of oscillation € must be zero at the center; 


.'. SA (2K'Lt)=0. | (318) 


From any table of Bessel’s functions the roots of /, are 


0.76557, 1-7571%, 2-75467,... ; 


(31 
oa 2K*f*=0.76557; 3 g) 


eee ee 


(320) 





where 1.306=1'0.7655. x 


Hence the period is about 1.3 times as great as that of a rectangular basin of equal 
length and whose uniform depth is /,, or 0.9235 times as long as one having a uniform 
depth of 4/,. : ‘ 


For a binodal oscillation, 


Ov 
where +=Z; 
2. J(Q8L)) =—/,(26) Lt) =0 (321) 


The roots of /’, are 
1.2197, 2.23307, 3.23837; 


7 pnt” 26856 ALS ee twice length of body. 








r (gh,)! (gh, eee 
This mode of oscillation evidently applies to either half of the given body. 
2. twice length of half body. | 
SV gh ONO. > =F OAO> a 2 a 2 2 
: We (ghe)! uy (gh, )! (323) 


Hence the period of the half body 1s about 1.64 times as great as that of a rectangular 
basin of equal length whose uniform depth is 4, or 1.16 times as great as one having a 
uniform depth of $4,. 

To calculate the position of the node in this case, find « from (322) and substitute 
this value in (313). The result will be 


_ (1.2197 
7 4 
Since x« must be such at the node that € vanishes, 
J(2K44')=0. 
2Ktxt =0.76557%; 


. ¥_(2-7655 \ — 
7=(G5 i 
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Next suppose the origin to be taken at the center of a canal of uniform width whose 
length is 2Z and whose depth yaries from 4, at the middle to zero at either end in 


accordance with the law 
a 
h=h( 1-72) | (324) 


This value of 4 substituted in (311) gives, since 4 is constant, 
0 VN OE a’, 
ov | (: LT? i Fa — O. (325) 


h 
a=n(n+1 yen 


If we put 


this equation becomes of the form 


d dP. | 
gl On) Ui, [THE DP, =0 (326) 
where “=+ L. 

Since € must remain finite, the 2 must be integral in the solution 

2=CP (7 eos at+a). eee 
Now 

, as 
Pl e)=1, PM) =K, Pp) = Sie), és Se (32 ) 


For n=1, the profile of the surface is a straight line. The period 


2% L 
=—-= __4 =I1.111 


ee a (329) 
ta ala (ghy)* 


4k 
(gh, )! 
128. An extensive mathematical treatment of bodies of variable depths has been 
recently given by Professor Chrystal * and his theories have been experimentally tested 
by Messrs. Peter White and William Watson,} and applied to lakes Earn and Treig in 
Scotland by himself and E. Maclagan-Wedderburn {. The computed periods of Loch 
Earn are 14.50, 8.14, 5.74 minutes and for Loch Treig, 9.09, 5.07, 3.59, the corres- 
ponding observed quantities are 14.55, 8.10, , 9.18, 5.15, 
Professor Chrystal considers small longitudinal oscillations in a body of water whose 
depth, 2(.x), cross section, 4(ir), and surface breadth, 6(2), vary slowly from point 
to point. As is usually done in treatment of long-wave motion, the vertical acceleration 
is here neglected. If wv denotes the surface area extending from 7 =o to x=, oO(v), 
a function of v, known from the given body of water, viz. 4(+) 6(x); and m, the 
natural seiche frequency; then z is determined by the equation. 








A(x)&=FP sin nt+Q cos nt (330) 
* Proc. Roy. Soc. Edinburgh, Vol. 25, I (1904), pp. 328-337; Vol. 25, II (1905), pp. 637-647. Trans. 
Roy. Soc. Edinburgh, Vol. 41, III (1905), pp. 599-649. 
t Proc. Roy. Soc. Edinburgh, Vol. 26, I (1906), pp. 142-156. 
t Trans. Roy. Soc. Edinburgh, Vol. 41, III (1905), pp. 823-850. 
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where 7? and Q are solutions of 
GP np _ : (331) 
dv" go(v) 33! 
If o(7) be a linear function of v, the differential equation is found to depend upon 
Bessel’s Functions; if 0(7) =A (1=F7* a’), the differential equations takes the form 


d*P . 
(IFe*) wteP=o. (332) 
Integrating by series, two new transcendents for each sign are encountered. He 
calls those obtained when the upper sign is used sezche-costne and setche-sine, and when 
the lower, hyperbolic setche-cosine and hyperbolic seiche-sine. If wis small, the above 
equation approximates 


d*P 
Pt am ai (333) 
If c=1, this is satisfied by cos zw, or sin z«; if c=—1, by coshzw, or sinhz. The 


seiche-cosine and seiche-sine functions apply to lakes whose longitudinal section is con- 
cave along the bottom, and the hyperbolic forms to convex bottoms. While the assumed 
form of 0(7') may appear to be very special. Professor Chrystal shows how, by properly 
combining the simple geometrical bodies permitting of treatment, good approximations 
can frequently be made to lakes which at first sight would defy analysis. 


If the breadth be constant and the depth 4(r) be a quartic function of x such that 
A(x)=h(aF2x*)’, (334) 
the differential equation to be satisfied 1s _ 


a*P cP 
dx? (gt xt)t—° (335) 


the upper or lower sign to be used according as to whether the bottom of the longi- 
tudinal section is concave or convex. — 

In the case of a symmetric rectilinear lake shelving at both ends the periods of the 
secondary oscillations in terms of the period of the principal oscillation are found to be 
0.6276, 0.4357, 0.3428, 0.2779, 0.2365, etc.; while the distances of the corresponding 
nodal lines from the center are the following fractions of the length of half of the body, 
Viz 0.6057; 0.0, 0.8102; 0. 3809, 0.8825; 0.0, 0.5930, 0.9228; 0.3763, 0.9441. 

For a lake with one end vertical, and shelving to zero depth at the other end, 
the periods of the secondary oscillations in terms of the period of the principal, are found 
to be 0.5462, 0.3767, 0.2883, etc.; while the distances of the corresponding nodal lines 
from the vertical end are in terms of the lake length, 0.6057; 0.3809, 0.8825; 0.3763, 
0.7056, 0.9441. 

The corresponding period ratios for a parabolic lake are found to be 0.577, 0.408, 
0.316, 0.258, 0.218, etc., and for a semiparabolic lake, 0.548, 0.378, 0.289, 0.234, 0.196, etc. 

Professor Chrystal concludes his paper in the Transactions (Vol. LXI, III) with an 
important bibliography of the subject. 
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A review of Chrystal’s work is given by Dr. W. Halbfass.* 

Mr. D. Isitani ascertains ‘‘ the change of period due to a slight alteration i in the area 
and volume of the oscillating liquid.’’f 

Mr. T. Terada shows analytically ‘‘that anv contraction or expansion at the middle 
part of the canal prolongs or shortens its natural period respectively, and that at the end 
shortens or prolongs it respectively."’ He tests his work experimentally and also by 
application to Lake Hakone.f 

In order to show the relative periods of bodies naving the same total lengths, I 
performed the following experiment: 

A box g inches square on the inside was partitioned off by a portion in the manner 
indicated in the diagram. When the depth of water was 2 inches the observed number 
of periods a minute in the two parts were g1 and 634. The calculated number for a 
rectangular area g inches long is 86. The respective periods are, therefore, in seconds 
0.66, 0.944, 0.70. Hence the period of the area narrow at the middle, is one-third 
greater than the period of a rectangular area of the same length. 


«6 


129. Classification of setches. 

So far only completely surrounded bodies of water have been considered in reference 
to seiche movements. But it is not diffi- 
cult to see that bodies having incomplete 
boundaries may also possess free oscillations 
having periods suited to their dimensions (Cf. 
sec. 29, Part IV A). As a rule the more 
broken the boundary, the smaller will be the 
amplitude of the motion, cvteribus paribus. 
The existence of fractional oscillating areas 
is not so obvious; but it will be shown that 
the seiches due to them are common and 
important. 

For convenience, seiche movements may 
be divided into the classes mentioned below. 
The names of these classes generally refer to 
the forms of the bodies or areas in which the 
seiche 1s produced, and, as a rule, scarcely 
require formal definition. 


No. 26. 














Name ; Character of oscillations General character of vody of 
water 
————__—__§ Bees 
Lake seiche......------..-..- | Regular to irregular. ....-...-- - Oscillating area. 
Open-lake seiche_-..._.._.-..- ' Fairly regular...._..-- i dave Do. 
Parallel-wall seiche....._-..-.- Fairly regular -.....- - seeeee Do. 
Strait-and-harbor seiche __..-. Irregular. .su <i 4G l2 ay, Bevan Do. 
Cul-de-sac seiche._....-.- - -- Régulat. 2 fintsc eetenee soe Fractional area. 
Shelving seiche...--..--.--.-- iiicsaas aa than ean ae Do. 





ee a _ - = = ee 


* Zeitschrift der Gesellschaft fiir Erdkunde zu Berlin, 1907, Pp. 5-24. 

+ Proceedings of the Téky6 Mathematico-Physical Society, Vol. III (1906), pp. 170-173. 

} Proceedings of the Tékyé Mathematico-Physical Society, Vol. III 1906), pp. 174-181. See also 
paper in same journal, Vol. I, pp. 115-, by S. Nakamura and Y. Yoshida. 
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The most common cause of these periodic movements is the wind blowing over 
the bodies of water in which they occur. The sudden variations in barometric pressure 
may cause seiches in lakes and other nearly inclosed bodies of water. Earthquakes 
frequently produce seiches along the coast and in maritime harbors by means of the 
disturbance transmitted through the sea. 

By ‘‘strait-and-harbor”’ seiche is meant an irregular oscillation caused by reflections 
of disturbances between irregular or‘ nonparallel shores, lying generally only a few 
miles asunder. The markings on a tide curve resembles irregular saw teeth. An 
example of such a body is the Golden Gate, California. 

The seiches belonging to the last two classes are generally found along open coasts. 
The tide curves from certain places contain at times quite regular oscillations, and 
from most places irregular saw-teeth markings whenever a considerable disturbance 
takes place, such as that produced by an earthquake or a strong wind. The regular 
oscillations are generally formed in a cul-de-sac or small bay suddenly terminated. 
The irregular ones are formed where the sea bottom is shelving and where the lengths, 
and so the periods, of the fractional areas are not as fixed as are those in the case just 
referred to. As will be presently pointed out, the oscillating strip of water in these 
two cases is about } A long; and so the more definite its boundary,the more perfect the 
oscillation. 

A familiar illustration is a steam or air whistle closed at one end. The jet of steam 
or air forced across or into the mouth of the whistle causes the contained column of 
fluid, which is 4 A in length, to be thrown into a state of intense vibration in accord- 
ance with the well known principle of resonance. If the form of the interior of the 
resonator were not tolerably simple, the tones given out would be less certain, and 
would to a certain extent be selected in accordance with the intensity of the blast. 

Suppose that a suspended pendulous body be exposed to the action of the wind. 
It will be found to oscillate almost incessantly, and in its own period, because the im- 
pinging current of air is not exactly uniform. So, under favorable conditions, a seiche 
of this kind may exist for days at a time, sustained by the variable action of the wind 
upon the oscillating arm of water and the larger body with which it is connected, the 
effect upon the latter being probably of greater importance. 

Expervment No. 1.—TYake a glass tube, open at both ends, about 20 inches long 
and one-half inch in diameter. Marka point distant one-fourth of the length of a second’s 
pendulum from the lower end of the tube. Immerse the tube up to this mark in a tank 
of water. -By suction elevate a column of water, and then suddenly release it. The 
column will perform oscillations having a period of one second and a continually decreas- 
ing amplitude. The following are the elevations or amplitude in inches as found by 
experiment beginning with the first elevation occurring after letting go the column 
sustained bv suction; the values in parentheses are the ratios of neighboring values: 
4, (0.55), 2.20, (0.64), 1.40, (0.66), 0.93, (0.69), 0.64, (0.67), 0.43, (0.70), 0.30, (0.77), 0.23, 
(0.74), 0.17. From the nature of the case it is difficult to determine these quantities 
with precision; but they show that the amplitude decreases somewhat more slowly as it 
becomes smaller. If no attention is paid to the amplitude, it is easy to so time the 
sustaining suction impulses imparted from time to time that the natural period of 
oscillation shall be but little interferred with. In this way the number of oscillations 
per minute can be found with considerable accuracy (say to 1 per cent). The result 
wi be 60 per minute very nearly.* 


*Cf. Dr. Thomas Young: A Course of Lectures on Natural Philosophy (1845), p. 217. 
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Let Z denote the length of the column of water, ¢ the vertical displacement of 
the surface of the upper end; let Q denote the area of the tube, and 7 the density of the 


liquid. Then by d’Alembert’s principle the impressed force of gravity is equal to 
effective force; 
a = 


ae 
£0 =LOV ET & 
y=M ye ¢ di’ (336) 
7; hase 
Sk =L (337) 
This equation is obviously satisfied by writing 
<=2A cos Cf é f+-a). (338) 


The period of this oscillation is 27 + Vs = a2anJ//: the half-period of a pendulum of 
ss £ 


length / is 2 7 ! Tf these two times are equal, / must be equal to ng 
£ + 


Experiment No, 2.—Take a trough of rectangular cross section closed at one end, 
about 20 inches long, and containing a movable partition whereby various lengths can 
be readily secured. Place this in a tank of water so that the depth in the trough is 
from a fraction of an inch at the head to 2 inches at the mouth. By giving the water 
off the mouth of the trough an horizontal impulse, an oscillation will take place in the 
trough, which will continue for a few periods. These oscillations can be sustained by 
subsequent impulses, care being taken to not disturb the regularity of the motion. 
The period of the oscillation will be found to be approximately 


x length of trough 


Joh (339) 


g being 386 inches (see Table 52). | 

Since the period of a rectangular lake whose depth decreases uniformly from_ 
the center to either end is nearly equal to what it would have been had the depth been 
constant and equal to its average depth, the period of an arm of water becoming 
shallow near the end must differ but little from the period calculated upon the assump- 
tion of a constant depth equal to its mean depth (see sec. 127). 


130. Examples of lake seiches. 


Dr. Forel was the first person to make an extensive and careful study of seiche 
phenomena (1876-1885). He found that Lake Geneva, upon whose northern shore 
he resided, had both longitudinal and transverse oscillations, and that the former often 
possessed more than a single nodal line; in fact, the record was far from being simple 
in character. The periods of the longitudinal seiches were found to be 73 and 35 
minutes, and the period of the transverse seiche about 10 minutes. These periods 
agree fairly well with those computed by the simple formula 


T=twice length of lake+JgA. 
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He devised and used a delicate form of tide gauge which he styled ‘‘limnimeter’’ 
(Aiuvn=pool). 

A list of Forel’s papers on this subject is given by Darwin in his book entitled 
‘‘The Tides and Kindred Phenomena in the Solar System,’’ end of Chapter II; also by 
Chrystal, in the bibliography already alluded to. 

Numerous modes of oscillation in the small lake Chiemsee, southern Bavaria, have 
been recently investigated and the corresponding periods carefully determined by 
A. Endros.* 

In a paper issued by the U. S. Weather Bureau entitled ‘‘Wind Velocity and 
Fluctuations of Water Level on Lake Erie,’’ Prof. Alfred J. Henry finds the theoretical 
period of the lake to be 18 hours, while observations made at Buffalo and Amherstburg 
indicate an actual period of 14 hours or a little more.t In a note in the Monthly 
Weather Review { I have called attention to the shortening of the free period due to the 
narrowing ends of the lake and to the fact that actual depth is somewhat in excess of 
that used by Professor Henry. In fact, in a sharply-pointed convex lake, such as 
might be bounded by the lines of motion shown in Fig. 9, Part IV A, the period would 
be 1/,{2=0.707 times the period of a rectangular body having as length the extreme 
length of the lake. The mean between the period given on this assumption and that 
given by the assumption of a rectangular body is 1414 hours, the length of the body 
in either case being 214 sea miles and the mean depth 1o fathoms. 

The period of the longitudinal seiche of Lake Ontario is said to be four hours and 
forty-nine minutes. § 

As will be noted in section 136, Lapham in 1852 observed oscillations at Milwaukee 
having a period of 2 hours, which is the theoretical period of an east-and-west oscillation 
across Lake Michigan. 

The average depth of Lake Pontchartrain, La., is 14 feet. Calling the virtual 
length 30 miles and the width 20 miles, the two periods obtained for Table 50 are 


20 
12.57 


ooo 2.4 hours and 


ie = 1.6 hours. 


No regular seiches occur in this lake; Fig. 27 is given to show that a southeasterly 
wind may make the lake uncommonly low at New Orleans (West End), while it is 
uncommonly high at Pass Manchac, and vice versa; similarly for a northwest wind. 
Moreover, it shows a very rough oscillation at times with a period of about 2 hours. 

In 1885 seiches were observed on Lake George, New South Wales, Australia, and 
described by H. C. Russell in his anniversary address.** They were found to have a 
period of 2 hours, very nearly. This is nearly the theoretical period for a longitudinal 
uninodal oscillation of a body having the length of the lake and a depth equal to the 
lake's mean depth. 





* Zeitschrift fur Instrumentenkunde, Vol. 24 (19¢4), pp. 180, 181. 
t No. 262 (1902) Bulletin J. See also paper by same author in Monthly Weather Review, Vol. 
28 (1900), pp. 203-205. 

t Vol. 30 (1902), p. 312. 

4 Monthly Weather Review, Vol. 26 (1898), pp. 261-262. 

** Journal and Proceedings of the Royal Society of New South Wales, Vol. 19 (1885), pp. 13-19, 
and plates between pp. 82, 83. 
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One of the most regular seiches known occurs at times upon Lake Chiuzenji, a 
small lake in Japan. It was observed by Mr. K. Honda in 1906, by aid of two lim- 
nimeters of his own design.* He placed an instrument at each end of the lake and found 
low water at one end when it was high water at the other, and the period to be 7.70 
minutes. The curves on the record are nearly perfect sine curves. By trial he found 
a point near the middle of the northern shore of the lake where the pencil of the lim- 
nimeter traced a straight line. The simple formula giving too short a period, Mr. Honda 
constructed a model of the lake and by means of it found the period of the lake to be 
7.68 minutes. It seems probable that the period of the lake is slightly in excess of the 
period of a rectangular lake of the same length Decale of the somewhat dumb-bell shape 
of the lake. 


131. Examples of open-lake sewhes. 


The celebrated tidal currents in the Euripus are chiefly due to the seiches in the 
Gulf of Talanta. The principal oscillation of the gulf has an observed period of 1} 
hours and a range of 6 inches or less. This period agrees fairly well with computation. 
The extreme length of the gulf is 54 miles, the average depth 52 fathoms. These 
dimensions imply a period of 1.8 hours. 

The fact that at some points of this gulf the period of the oscillation is but little 
more than one hour indicates that a binodal seiche also exists.7 

The oscillation in Narragansett Bay is remarkable in that the 10 miles extending 
from Providence to Bristol (the average depth being 24 fathoms) has a seiche of the 
binodal type, while the 10 miles extending from Bristol to Newport (the average depth 
being 11 fathoms) has one of the uninodal type. This is as it should be when depths 
are considered. Bv Table 50 the ete of the binodal part is 0.77 hour and of the 
uninodal 0.74 hour. 

Fig. 28 shows the period to be 0.75 hour. It shows that the oscillation is in approx- 
imately like phases at Providence and Bristol, while at Bristol and Newport the phases 
are nearly opposite. 

At Weeks, Louisiana, an imperfect seiche in Vermillion Bay and of considerable 
amplitude occurs during heavy winds. The observed period 1s about 3 hours; the 
period of two hours may be occasionally observed. The average depth of the bay is 
8 feet. The virtual length is about 15 miles and virtual breadth about 10 miles. These 
dimensions give as periods 

i = 3.2 hours, and * 567 2.1 hours. 

At Fort Point, Galveston, Tex., a small wave oscillation having a period of about 
14 hours and an ordinary maximum range of about 0.2 foot has been observed. Now 
a partially enclosed body of water lies between Galveston, Pelican Island, and the 
mainland to the west. The virtual length of this pody is about 5 miles, pend the BVGIEE 











* Proceedings él the Tokyé Mathematico-Physical Society, Vol. tT I (1907), pp. 220-223. 

t The following are a few references to the seiches of the Euripus: F. J. P. Babin: Phil. Trans. 
1671, Abr. Vol. I, p. 592. Barlow: An Exact Survey of the Tide, Ch. V, sections 4, 5. Lalande: 
Astronomie, Vol. IV, pp. 148-151. F. A. Forel: Comptes Rendus, Vol. 39 (1879), pp. 859-861. Nature, 
Vol. 21 (1879), p. 186. Kriimmel: Handbuch der Ozeanographie, Vol. II, pp. 143-146. 4A. A. Mra- 
ovAns: epi rHs TeaAntpotas rot Edptmwov (1882). See Fig. 37, Part IV A, and under Aristotle, 
Strabo and Pliny, secs. 64, 67, 69, Part I, this manual. 
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depth at a mean stage of the tide is 54 feet; these dimensions give 1.27 hours for the 
free period of the body. By means of the channel along the city front the oscillation 
is propagated to Fort Point. 

At Wellington, New Zealand, the observed period of the seiche oscillation is 28 
minutes. The length of the harbor in a northeasterly and southwesterly direction is 
64 miles and in a northwesterly and southeasterly direction 5 miles. The average 
depth for either direction is ro fathoms. The computed period of the first is 30 minutes 
and of the second 23 minutes. Hence, it is probable that the seiche extends in a north- 
easterly and southwesterly direction; the period may be somewhat less than 30 minutes 
because the virtual length of an oval body is less than its extreme length and because 
the depth increases gradually for some distance from the shores. 

A few small oscillations are shown upon the tide-record for Williamstown, Port 
Phillip, published in connection with the Krakatoa eruption. This body is 33 miles 
long in a north-and-south direction, its average depth being about 10 fathoms. The 
period of a binodal seiche in a rectangular body of these dimensions is 1.27 hours. On 
account of the oval shape of Port Phillip this value should be shortened somewhat. 
- Observation seems to give about 1.20 hours for the period. An east-and-west seiche 
would have a slightly greater period, but it is probable that this could hardly be felt at 
Williamstown. However, the irregularity of the observed period indicates that either 
the mode of oscillation is not fixed or two or more motions coexist. 


132. Examples of parallel-wall setches. 


On November 1, 1870, during a severe storm, a series of seiches were observed at 
Fiume, Austria.* Their average period was 2.7 hours and the maximum range about 
1 foot. Now, the open portion of the Adriatic just below the bay upon which Fiume 
is situated is 67 sea miles in width; the depth is about 30 fathoms. This gives, by 
Table 50, 2.9 solar hours as the free period of a uninodal seiche. 

Seiches have been observed at Ischia, by G. Grablovitz,} having an average period 
of 13? minutes and an average maximum range of perhaps 0.2 foot. The oscillating 
strip of water may be assumed to extend from the coast of Ischia to the middle of the 
opposing coast of Porcida. This distance is 2.6 miles, and the mean depth 9g fathoms. 
These dimensions give 0.211 hour= 12.7 minutes as the period of the uninodal oscillation. 

The eruption of Krakatoa, on August 27, 1883, produced a great disturbance in 
the waters of Sunda Strait, which was transmitted through the narrow part of the 
strait, and recorded on the tide gauge at Tandjong Priok, Batavia. Here the maximum 
range of the seiche was over 6 feet; the period was 2.20 hours. 

The calculated period for uninodal seiche across the broad portions of Sunda 
Strait in a northwesterly and northeasterly direction is about 2.2 hours. 

The tide curve at Tutticorn, Gulf of Manar, has at times an oscillation whose period 
is 3 hours and range about 0.5 foot. § The distance across the gulf at this place is 92 





*E. Stahlberger: Die Ebbe und Fluth in der Rhede von Fiume, Budapest, 1874 

t Ricerche sulle mare d’ Ischia, Rendiconti delle sedute della R. Accademia dei Lincei, Vol. 6 (i8se); 
pp. 26-32. 

t¢ The Eruption of Krakatoa and Subsequent Phenomena, London, 1888 

$Account of the Operations of the Great Trigonometrical Survey of India, Vol XVI (1901); 
Details of Tidal Observations, II, opp. page 57 
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miles, and the average depth of the upper end of the gulf may be taken as 55 fathoms. 
These values give a period of 3 hours. 


133. Examples of cul-de-sac seiches. 


The seiches at Malta are described by Airy in the Philosophical Transactions.* 
He finds the average observed period to be 21 minutes; the range to vary from nothing 
to a little more than 1 foot. The body of water responsible for this seiche he considers 
to be the deep arm of the sea lying between Sicily and Tunis, the shoals playing only a 
subordinate part. 

From Figure 37, Part IV A, it is evident that the period of the transverse oscillation 
might vary from 1 to 2 or even more hours according to the amount of shoal water 
included in the estimate. Hence it is difficult to say how many nodal lines are present 
when the period of the oscillation is 21 minutes. Their number may be anywhere 
from 3 to 7.7 : 

As Valetta, the place of observation, is situated upon the northeastern coast of 
the island, while the area in which the seiche arises 1n accordance with this hypothesis 
lies mainly to the west of the island, Airy says, ‘‘Such waves, once created, would be 
propagated to regions of the sea somewhat beyond those in which they are formed.”’ 

It seems probable that these oscillations are caused by the configuration of the 
harbor. For, the length of the harbor is 1.6 miles, and, if we call the average depth 64 
fathoms, the period of the dependent oscillation would be 4X 54:§, =0.31 hour= 18 
minutes. 

Tidal observations made at St. Thomas Island, West Indies, show that oscillation 
is going on in the harbor most of the time. The most regular ones have a period of 
0.45 hour and a range varving from 0.5 foot to nothing—it generally being 0.1 or 0.2 
foot. At times there is an oscillation whose period is about o.7 hour. 

The harbor is about 1.3 miles long, measuring from the head to the capes at the 
mouth. The average depth is 3} fathoms. This gives 4X ,}4:3,=0.34 hour for the 
period of the oscillation. The broadening of the harbor near the head, and the con- 
traction near the mouth due to Rupert Rock, must cause the period to be somewhat 
greater than the one just calculated. It is probable that the arm of water taken as 
— 4A does really extend outside of the mouth of the harbor proper. 

The less perfect oscillation having a period of 0.7 hour may be caused by the strip 
of shallow water lying between St. Thomas Island, West Indies, and deep water to the 
south. The width of this strip is 8 miles and the average depth 20 fathoms. This 
gives 4X 5#,, =0.9 hour. 

The seiches in St. John Harbor, an arm of the Bay of Fundy, has been briefly 
described by W. Bell Dawson { and more fully by A. W. Duff, the point of observation 
of the latter being a short distance above the narrows. § 

Duff gives 42.2 minutes as the length of the average period of the oscillations. 
Off St. John the bay is 32 miles wide. The average depth being 40 fathoms, it 
might be concluded from Table 50 that the period of the uninodal seiche is 1.23 hous 








* Vol. 169 (1878), pp 136-138. 

+Cf. Kriimmel: Handbuch der Ozeanographie, Vol. II, p. 148. 

¢ Transactions of the Royal Society of Canada, Meeting of May, 1895, Section III, pp. 25-27. 
§ Amer. Jour. Sci., Vol. 153 (1897), pp. 406-412. 
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and the period of the binodal 0.62 hour. Now it seems in this case to be highly im- 
probable that a binodal seiche should occur across the bay and not one of the uninodal 
tvpe; for surely the winds sweeping over the surface of the bay would act most favorably 
across its axis and so incite uninodal motion. Again, Dawson says: ‘‘These minor 
undulations often continue for a week at a time; or even longer.’’ This accords well 
with the facts witnessed at Guanica and described in the next paragraph. The harbor 
at St. John is 3.3 miles long from its head just south of the narrows to its mouth east 
of the northern part of Partridge Island. The average depth at half-tide level may be 
taken as 8 fathoms. These dimensions give as the period 4 X 3#-$7 =0.567 hour, or 34 
minutes. At the bend in this arm depths of more than 20 fathoms occur, while near 
Partridge Island the depth of the channel is only 5 fathoms at half-tide level. These 
circumstances must increase the tength of the period. 

Remarkably regular seiches occur in Guanica Harbor. The observed period is 45 
minutes, and the range varies from 1 to 4 inches. So persisten. is this phenomenon 
that as many as 60 consecutive oscillations have been noted. (See Figure 30.) 

That the phenomenon at Guanica does not depend upon a trinodal seiche across 
the Caribbean Sea is proved by the fact that no indication of a seiche having a period 
of 45 minutes occurs at Ponce or at Guayanilla. 

The length of this harbor is 2 miles and the average depth 3 fathoms. The period 
of a rectangular dependent arm of these dimensions is, by Table 50, 4 X 74233 =0.55 hour. 
This period must be increased by one-third part of itself in order to agree with the 
observed value. The average width of the harbor is at least one and one-half times its 
width at the narrowest part near the mouth. This fact increases the period somewhat, 
but it is partially offset by the increase in depth at the narrows. It seems probable 
that the oscillating arm of water extends some distance outside of the harbor proper, 
thus increasing the size and period of the body. 

Port Real is a body of water 0.8 mile long and 14 fathoms deep. Here a fairly 
regular seiche occurs, having a period of 0.62 hour and a maximum range of generally 
o.2 feet. <A rectangular tongue of water would have for its critical period 4 X 7$:$5 = 0.32 
hour. 

Near the entrance to this harbor the distance across the channel, counting from 
the 1-fathom line, is only one-twelfth of a mile, while the breadth within the capes, 
counting from this same contour, is two-thirds of a mile. It seems probable that the 
period for the actual body should be perhaps double that of the rectangular body just 
alluded to. 

The oscillation does not persist as long as the one at Guanica; still as many as 
sixteen consecutive periods may at times be observed. 

Edgartown Light-House, Massachusetts, is situated near the head of a bay bounded 
by land on one side and land and shoals on the other. This arm of water is 3 miles 
long and 4 fathoms deep on the average. These dimensions give for the critical 
period 4X 75°z5=0.73 hour. Observation shows that when a strong northwest wind 
is blowing, a seiche may arise having a period of three-fourths of an hour and continuing 
for several hours. | 

The undulations in the tide curve at Colon on August 27-28, 1883, do not seem to 
have been connected with the Krakatoa eruption; for, they are remarkably regular 
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and occur too early for allowing a reasonable time for the disturbance to be propagated 
around South Africa. The observed period of this oscillation is 1.17 hours. 

On September 6-7, 1882, the tide curve showed an earthquake disturbance. There 
were apparently two oscillations thus set up, the period of the first being 1.17 hours 
and of the second o.40 hour; the maximum ranges being 1.3 feet and 0.5 foot, respec- 
tively. 

On June 15 and again on June 17, 1883, a good oscillation, having a period of 1.17 
hours and a range of 0.2 or 0.3 foot, is recorded on the tide curve. 

The form of the western portion of Carribean Sea is not favorable to seiche 
oscillations, even if such were possible in a sea of such great depth. Turning to the 


harbor of Colon, we find its length to be 4 miles and its average depth 2} fathoms. 


4 
13.64 
At Dutch Harbor, Alaska, observations show a seiche having a period of about 


one-half hour. The extreme length of Iliuliuk Bay, of which Dutch Harbor is a branch, 
is 44 miles. The average depth is about 15 fathoms. These dimensions give, by 





The resulting period is therefore 4X =1.17 hours. 


Table 50, a period of 4X xh, = 0.565 hour = 34 minutes. 

At Honolulu, Hawaiian Islands, the period of a regular sine-like fluctuation, groups 
of which appear from time to time, is 0.434 hour or 26 minutes. The larger ones are 
caused by earthquake sea waves, but the smaller ones may be due to meteorological 
disturbances. The following are some of the earthquakes whose observed effects had 
very nearly the above period: Krakatoa, August 27, 1883; Northern Japan, June 15, 
1896; Ecuador, January 31, 1906; and Valparaiso, Chile, August 16, 1906. 

The maximum range, depending upon the intensity of the disturbance at Hono- 
lulu, varies from 0.1 foot to 0.4 foot. | 

Assuming that the dependent body at Honolulu Harbor is 13 miles long and 2} 


fathoms deep on an average, the computed period is 4X mise =0.42 hour. 


Following the Krakatoa eruption, irregular oscillations, having a period of 2.6 hours 
and a maximum range of 24 feet, were observed at Lyttleton, New Zealand. The 
length of Port Cooper is 8} miles, and average depth 24 fathoms. The resulting period 


is therefore 4X—°! = 2.54 hours. 


13.01 

At Olongapo, Subic Bay, Philippine Islands, a seiche, having a period of 1.3 hours 
and range of about 9 inches, has been observed; also smaller undulations having a 
period of from one-third to one-half an hour. The former can hardly be due to an 
oscillation of the greater part of China Sea lying between Luzon and Siam and Hainan 
Island; for, although a trinodal east-and-west seiche has a computed period of about 
14 hours, no oscillation of such period is to be found at Manila. 

Now the length of Subic Bay is 10 miles and its average depth 18 fathoms. Re- 


garding this bay as a dependent arm, the period computed by Table 50 is 4 x ae = 1.09 


hours. By supposing the line marking the mouth of the bay to be convex, the length 
of the bay may be increased to 11 opr 12 miles. The computed period of the east-and- 
west oscillation of Subic Bay at Olongapo is 0.3 hour and in a southeast-and-northwest 
direction 0.4 hour. 
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A seiche was observed at Aden, Arabia, as a result of the Krakatoa eruption, the 
period being 1.02 hours and the maximum range of about 0.8 foot. Small undulations 
of this period may sometimes be seen on the tide curve for this station.* 

Aden Harbor is about 1.8 miles long, measuring from the mouth to the low-water 
line at the head. It is 0.4 mile broad at the mouth and 2} miles at its broadest part. 
The average depth is 14 fathoms. <A rectangular arm 1.8 miles long and 14 fathoms 


12.8 
10.08 


deep has as its period 4X =o0.71 hour. For the actual harbor the period must 


be considerably greater than 0.71 hour and may approach the observed value.7 
134. Examples of shelving seiches. 


The larger earthquake oscillations at San Francisco must be due to the shelving 
shore outside and not to any oscillation of the bay, for, the disturbance resulting 
from the earthquake at Arica, Chile (May 9, 1877), and which reached California early 
on the following dav, arrived at Fort Point about 7 minutes earlier than at Sausalito. 
This is about the difference which the depths between these two stations might imply. 
There is a tolerablv close resemblance between the records upon the tide gauges at the 
two places. The maximum range of this disturbance is about 1 foot, and the irregular 
periods vary from o.3 hour to an hour or more. 

The saw-teeth-like disturbance having an average period of three or four minutes 
and which frequently occur during and after heavy westerly winds are, as already 
stated, due to irregular reflections across the Golden Gate and so belong to another 
class of seiches. 

The disturbance caused by the Krakatoa eruption was well marked at Negapatam, 
Madras, False Point, Beypore, Port Elizabeth, and Table Bay. The resulting oscilla- 
tions, although very irregular, may be said to have the following respective periods 
and maximum ranges: 

1.5, 1.4, 2.8, 1.1, 1.1, 1.0 hours, and 
I.5,0.5, 1.6, 1.2, 4.5, 1.5 feet. 


These periods are too short for permitting the assumption that all of the shallow 
water along the continental shelf forms a stationary wave }A in length. It seems 
probable that more or less of the water will partake of such motion at a given station 
according as the intensity of the disturbing force varies. The very uniformity of the 
slope of the bottom in these regions of shallow water must militate against the existence 
of definite oscillating arms of water; hence, the great variety of periods and ampli- 
tudes at a given place of observation. 

Shelving seiches are by far the most common of all. Every considerable earth- 
quake disturbance of the water of the ocean produces them in nearly all parts of a 
shelving coast. When caused by winds, their appearance is less striking, in that their 


*Great Trigonometrical Survey of India, Vol. XVI, Details of the Tidal Observations, Part IT, 
opposite p. 4. 

(t After the MS. of Part V had gone to the printer, I learned that Messrs. K. Honda, T. Terada, and 
D. Isitana, had anticipated me in applying r = 4 L/ “gh to such seiches as are described in sections 
133 and 134. This oversight was due to the fact that while the MS. was being prepared, only three 
numbers of the Proceedings of the Téky6 Mathematico-Physical Society were accessible to me.— 
R. A. H., Dec. 24, 1907. ] 
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amplitude is generally less and the tendency to periodicity less evident. The record of 
these may ther be likened to irregular saw-teeth. | 

In regular broad and open bays their size and regularity are increased, e. g., 
the Krakatoa disturbance is much greater and more seiche-like at Port Elizabeth than 
at Table Bay. At Galle, Ceylon, the tide curves contain at times minute oscillations 
less regular than a cul-de-sac seiche, but more regular than a shelving seiche.* The 
period is about 0.4 hour and the range about 0.1 foot. The bay or harbor is broad and 
open, but does not extend far inland. Hence, it is natural to expect a case lying be- 
tween the two kinds just mentioned. The harbor helps in making the seiche definite, 
but because of its openness the outside water forms a large part of the fractional oscillat- 
ing area. 


135. References to papers relating to the Causes oj Setches. 


Nature, Vol. 17 (1878), p. 234; Nature, Vol. 18 (1878), pp. 100, ror. 

F. A. Forel: Seiches and earthquakes, Nature, Vol. 17 (1878), p. 281; Les seiches 
des lacs; leurs causes, Comptes Rendus, Vol. 86 (1878), pp. 1500-1503. 

E. A. Perkins: The seiche in America, The American Meteorological Journal, Vol. 
IO (1893), pp. 251-263. 

J. R. H. MacFarlane: Occurrence of seiches in Lake Derravaragh, Co. Westmeath, 
1893, 1894, Scientific Proceedings of the Royal Dublin Society, Vol. 8 (1895), pp. 
288-2096. 

W. H. Wheeler: Undulations in lakes and inland seas due to wind and atmos- 
pheric pressure, Nature, Vol. 57 (1898), pp. 321, 322. 

F. Napier Denison: The Great Lakes as a sensitive barometer, B. A. A. S. (1897), 
PP. 567, 568. 


References to descriptions of Limnimeters or Limnographs. 


G. Grablovitz: Descrizione d’un maregrafo portatile, Rendiconti delle sedute della 
R. Accademia dei Lincei, Vol. 6 (1890), pp. 359-362. 

Dr. H. Ebert: Sarasin’s neues selbstregistrirendes Limnimeter, Zeitschrift fiir 
Instrumenkunde, Vol. 21 (1901), pp. 193-201. 

A. Endroés: Seichesforschungen am Chiemsee, Zeitschrift fiir Instrumenkunde, 
Vol. 24 (1904), pp. 180, 181. 





* Details of Tidal Observations, /. c., II, opp. p. 64. 
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CHAPTER X. 
TIDES IN LAKES AND WELLS. 
136. T1des in lakes or inland seas. 


Passing over the tides of the eastern portion of the Mediterranean Sea which were 
familiar to the ancients and which have been already considered in this manual, it may 
be noted here that Daniel Bernoulli in Chapter NI of his ‘‘Traité sur le Flux et 
Reflux de la Mer”’ was the first to attempt to compute the tides on inland seas. (See 
sec. 94, Part I.) 

E. B. Barlow in his book entitled ‘‘An Exact Survey of the Tide” (1717) mentions 
the existence of semidaily tides in Lake Huron, and thus speaks of the tides of Lake: 
Superior: | 

Moreover, the French report of the Upper Lake, which lies to the .V. IVest of this, and falls into the 
same River; that notwithstanding it is situated five hundred Fathoms above the Superficies of the Sea, 
and lies at two hundred and seventy leagues distant from it; yet it Floods to two, three, and four Foot 
in Height; which plainly shews, that these Tumours proceed absolutely from the Moon’s Pressure, 


without the Intermediation of the Ocean to raise 'em by way of Ltbratton, at so great a Distance from 
the Sea, and exalted so many Fathoms above it. 


Early letters and discussions relating to the tides in the Great Lakes of North 
America are given by Gen. H. A. 5S. Dearborn upon pages 78 et seg., Volume XVI 
(1829), American Journal of Sciences and Arts. Dearborn says: 

The phenomenon appears to have attracted the attention of Fra Marquette in 1673, of Baron 
Hontan in 1689, of Charlevoix in 1721. 

Maj. Samuel A. Storrow observed in Green Bay in the year 1817 a fluctuation of the 
water surface having a range of from 5 to 8 inches and a half period of 11 or 12 hours. 
Schoolcraft (about 1820) concludes that there are no regular tides in the lakes, but that 
the observed fluctuations are meteorological in character. Dr. Joseph Lovell in 1827 
expresses a similar view. Capt. Henry Whiting, U.S. A., observed the tides upon a 
graduated staff in Green Bay from June 1 to 6, 1819. He savs: 

The height of the rise and fall, was from twelve to eighteen inches. Both the ebb and flow were 
very sudden, and in that respect deviate from the general character of the tides. It was seldom more 


than an hour, in attaining its height, and was generally as rapid in making the descent, though several 
hours would often intervene between the changes. 


In his letter dated September 11, 1827, he expresses his conviction that the Green 
Bay tides are due to the winds. 

Capt. Greenleaf Dearborn, U. S. A., mentions that while stationed at the outlet of 
Lake Superior, tides having a range of about .18 inches and a time of rising or falling 
of 24 to 24 hours were observed. 
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In a paper entitled ‘‘ Remarks on the supposed tides, and periodical rise and fall 
of the North America Lakes,’’ * Maj. Henry Whiting expresses (p. 212) a belief that an 
astronomical tide must exist, but that it must be verv small. He gives Governor 
Cass’s observations made in 1828 (July 15 to August 29, generally 4 times daily) on 
Fox River, Green Bay. Governor L. Cass thus comments upon his observations: 

The slightest inspection will satisfy you, that the changes in the elevation of the water are entirely 


too variable to be traced to any regular permanent cause; and that consequently there is no per- 
ceptible tide at Green Bay, which is the result of observation. 


Lieut. D. Ruggles, in an article entitled “Tides in the North American Lakes,” 7 
gives some history of the subject and expresses the belief that the tide can not well be 
detected from observations made, say, four times daily (as was the case with those 
made in 1828), and so he causes hourly observations to be made for one week at Green 
Bay in 1836. It seems doubtful whether or not he really detected any tide, for his 
observations indicate oscillations of a foot or two. 

Upon page 130 of his book entitled ‘Wisconsin: Its geography and topography, 
history, geology, and mineralogy’”’ (2d ed. Milwaukee, 1846), Mr. Increase A. Lapham 
says: 

The question whether there is a regular tide on the lakes, still remains undecided. That there 
are strong and variable currents in Lake Michigan has been known ever since the days of Hennepin. 


In 1849 Lapham kept a meteorological journal, in which he gives the height of 
Lake Michigan five times daily and referred his readings to the city datum. Whether 
or not he really detected an astronomical tide from these observations is uncertain. 
He, however, believed that he did, as can be seen from his statements in an appendix 
to Charles Whittlesey’s paper, page 447, American Journal of Sciences and Arts, Volume 
XXVII (1859). However this may be, he subsequently obtained hourly readings day 
and night from September 14 to November 14, 1852. This record is in the office of the 
Coast and Geodetic Survey. From these it is possible to determine the tide, as has 
been done in section 137; but no work of Lapham’s appears to be extant which might 
prove that he detected the true tide. A plotting of the hourly readings clearly shows 
the transverse seiche at Milwaukee, with a period of almost exactly two hours—which 
is the theoretical time of such oscillation—and a range of 0.2 foot. 

A paper by Major Lachian entitled ‘‘On the periodical rise and: fall of the lakes”’ 
appears in the American Journal of Sciences and Arts, Volume-XIX (1855), pages 
60-71, 164-175, and Volume XX (1855), pages 45-53. On pages 63 et seq., Volume 
XIX, is an historical account of the subject. On page 168 he quotes an extract from 
a report by Colonel Whittlesey for 1838-39, in which Whittlesey strongly contends 
that observations fail to show any astronomical tide in Lake Erie. Lachlan comes to 
the conclusion (Vol. XX., p. 51) that ‘“‘a long, regular course of minute observations”’ 
is necessary to settle the question of tides in lakes. At the close of the paper (Vol. 
XX, p. 53) the editors refer to an important paper by Whittlesey (1851), which goes to 
show that the fluctuations are not periodical. 

Major Lachlan also discusses the annual and other variations in lake level. 


* Am. Jour. Sci. & Arts, Vol. XX (1831), pp. 205-219. 
t Am. Jour. Sci. & Arts, Vol. ALV (1843), pp. 18-27. 
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Co]. J. D. Graham, in an article entitled ‘“‘Investigation of the problem regarding 
the existence of a lunar tidal wave on the great fresh-water lakes of North America,”’ * 
finds from six months of half hourly readings, the spring range on Lake Michigan at 
Chicago, to be 0.25 foot, the mean range 0.15 foot, and the mean lunitidal interval to 
be 30 minutes. He says: 

This result was announced in my annual report to the Topographical Bureau of the War Depart- 


ment on the 15th of November, 1858, and also before the Chicago Historical Society at its annual 
meeting on the 30th of that month. 


This discovery is referred to on page 127, Volume 37 (1859), Journal Franklin 
Institute. 

The later work of Colonel Graham is discussed by Ferrel, ‘‘ Tidal researches,”’ 
pages 250-255, who finds for the values of approximately the same quantities—o.21 
foot, 0.14 foot, and 32 minutes, respectively. 

In the American Journal of Sciences and Arts, Volume XXVII (1859), pages 
305-310, Charles Whittlesey reviews observations made by Mr. Underwood in 1858 at 
Green Bay, but he does not believe the tide on Lake Michigan yet discovered. On 
page 447 of the same volume is a note or appendix to Mr. Whittlesey’s paper in which 
I. A. Lapham states that he detected (and announced in 1849) a tide from observations 
made every three hours during the month of August, 1849. Also, that subsequent 
hourly observations made day and night for two months fully confirmed this conclusion. 
In this note Whittlesey mentions Colonel Graham’s discovery of the tide in 1858, as 
chronicled in the proceedings of the Chicago Historical Society for the meeting of 
November 30, 1858. 

It will be noticed-that the earlier attempt at finding a lake tide failed because 
fluctuations many times greater than the astronomical tide were invariably mistaken 
for it, and also because continuous hourly readings were seldom undertaken. The 
justice of Lapham’s claim to the discovery of a lake tide must depend upon what values 
he may have obtained for its range and interval. 

In the Annual Report of the Survey of the Northern and Northwestern Lakes 
for 1872, by Maj. C. B. Comstock, is given on pages 9-14 a discussion of the tides 
at Milwaukee. A self-registering gauge was there maintained for several years, and 
portions of the record from 1867 to 1871 are discussed. Judging from the diagrams, 
Plates I-III, M,=0.0395, 5,=0.018, and S$, + M,=0.045 foot, and the lunitidal interval, 
30 minutes. The tabular values on page 12 of this report, when harmonically analyzed 
give M, = 0.0340 ft., M,°=19°.46; S,=0.0154 ft., S,°=26°.43. Indiscussing these tides, 
the writer ascertains the theoretical equilibrium tide at Chicago and Milwaukee. 
These applications of the equilibrium theory, especially to the results obtained from 
observations by Colonel Graham at Chicago, constitute the first instance in the history 
of tides where the forces and tides have been rationally connected. But in this case 
the writer obtains a result twice as great as the equilibrium value, from an erroneous 
assumption concerning the kinetic energy in the tides of the lake. 

In the next vear’s report of the Lake Survey, pages 28 and 30, and PlatesI and II, are 
given similar results from observations at Duluth, but no theoretical considerations are 
introduced. An analysis of the tabular values on page 30, gives M, = 0.0643 ft., M,°= 
64°.45; S, = 0.0360 ft.; S,°=85°.75. | 





* Report A. A. A. S., 1860, pp. 52-60. 
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137. Ilarmonic constants jor the Great Lakes. 


_ : . Sere ee e 
Marquette, Lake 
Milwaukce, woeake Michigan, lat. 43° Superior, lat. 46? | Duluth, Lake Superior, lat. 46° 47’ N., | 
c2’ N., long. 87° 54’ W. 32’ N., long. 87° | long. 92° o5’ W. 
Compo- es 23’ W j 
nents | 


Pe 15, 1852-Oct. Oct. 13, 1852-Nov | Jan. 1, r904-Jan.3, Oct. 11, r901-Oct.'| May 9, 1902-May . 














13, 1852 10, 1852 1995 14, 1902 12, 1903 

H K Hi Kk | #H K H Kk | H K 
| Ft 2 Ft. 3 | Ft. e Ft. oi Fe. e 
| eee at we 0. 0066 263.03 0.0297 85.04 | 0.0345 99. 37! 

Wosas' 6 SSbes: UeieScan dane So05 seeds 0.0030 333.62 0.0101 84.32 | 0.0079 77.04 
Missi eRe San. Be Skee seme oaws cents O. OOI19 213.27 0.0054 177. 28 O. 0052 170. 68 | 
M,..--' 0.0247 37.4 0.0228 40.12 | 0.0130 298.84 , 0.0631 71.05 | 0.0658 72.22 | 
Op ean t 0.0040 233.42 0.0249 89.36 | 0.9213 92.54 | 

Py eitked ecole tees end Piase or Gide owen 0.0026 261.28 0.0155 85. 36 | 0.0168 59.50 
Die Sates he Lee ee Sy Be beeen oem ahs 0.0159 80.93 | 0.0092 98.05 | 

oO 





aca O. O103 48. 3 | 0.0208 70.55 | 0.0086 349. 33 ! .0336 87.91 0.0337 87.70 | 


The no-tide point of Lake Superior (center of gravity of the surface, section 49, 
Part IT), is 9 statute miles north of Keweenaw Point. The latitude and longitude of 
the no-tide point are about 47° 32’ N., 87° 43’ W. By means of this section, or preferably 
by means of sections 1-4, Part IV A, it is readily seen that the values in this table 
agree well, asa rule, with the corrected equilibrium theory; but see section 21. 

The observations at Milwaukee are hourly readings made by I. A. Laphan; those 
at Marquette and Duluth are taken from records of self-registering gauges maintained 
by the United States Army Engineers. 

The large size of the tide at Chicago and Milwaukee indicates the stationary-wav e 
motion of sec. 21. 

The values of Mf and Mf° given in section 124 agree tolerably well with the theo- 
retical values given in Table37. .°. So far as semidailv, daily, or fortnightly forces are 
concerned the earth behaves nearly as a rigid body. 

But according to a publication of the Royal Prussian Geodetic Institute, New 
Series, No. 30, 1907, O. Hecker finds from observations upon a horizontal pendulum 
some yielding of the earth to the tidal forces. 





138. Tides in wells or springs. 


Pliny the Elder calls attention to wells in Spain that rise and fall with the tide of 
the ocean and to those which rise and fall contrary to it. (Sec. 69, Part I, this manual). 

Barlow on pages 30-32, First Treatise, of his ‘‘Exact Survey of the Tides,’’ places 
little or no credence in the possibility of intermittent springs being influenced by the 
rise and fall of the ocean tide. 

On pages 308 and 309 of Volume IV of his Astronomie, Lalande makes mention of 
wells or springs which have periodic fluctuations. Some of these are simply intermit- 
tent springs; e.g., those described in Philosophical Transactions 1665, No. 7, and 1693, 
No. 204. 

According to the Admiralty Sailing Directions for the Pacific Islands, Volume III, 
wells of fresh water in Fanning Island rise and fall with the tide. 
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A detailed account of a considerable number of tidal wells, is given by A.C. Veatch 
in Water-Supply and Irrigation Paper, No. 155, U. S. Geological Survey, 1906, entitled 
“Fluctuations of the Water Level in Wells, with Special Reference to Long Island, 
New York.” He finds the tide in the wells of the locality considered to be due to the 
periodic deformation of a clay layer immedrately above the water-bearing stratum, 
the deformation being caused by the varying weight of the ocean tide above. The 
effect is a maximum at the low-water line and decreases with the distance from the 
shore. The lag of the tide in the well upon the ocean tide varies from a few minutes 
at the shore to more than an hour at a few hundred feet inland. At the shore the 
range of the fluctuation may be a considerable fraction of the range of the ocean tide. 

The tidal oscillations it shallow wells along the sea shore he concludes to be gen- 
erally due to the action of sea water upon the outflowing fresh water in the porous 
material into which the well is dug. The tides of the well may be behind those upon 
the outside by an interval of several hours. 

Upon page 67 is a bibliography of the subject. 
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CHAPTER XI. 
MISCELLANEOUS REMARKS ON TIDES AND MODES OF REDUCTION. 
On the lengths of series. 


139. Effect of one or more components on observed mean sea level. 


A component produces no disturbance in mean sea level if the series of ordinates 
extend over exactly a whole number of its periods. Let 7 denote the length of series 
360° 

a 





actually used; let v, denote the positive integral number of periods of the com- 


ponent 4 which falls nearest the length 7; and put 
60° 
T=, 3 ao +e, 
or 


é-=T—Y, 





360° | 
a 
‘The displacement or disturbance of mean sea level is 


A [* A (ims 
7 pcos (at+a) dt= 7 | cos (at+a) at 
oO t 


Af. 
=3| sin (aé, +a) —sin a | (340) 


Thus we see that the amount of disturbance of mean sea level due to a component, 
depends in general upon its initial phase, as well as upon its speed and amplitude. 
Consequently, if we have several components .4, 2, C, ..., a length 7 such that the 
disturbance shall be zero for assumed values of the initial phases a, B,y, ..., this 
length will not give a zero disturbance for other assumed values of a, f, y, ... . 

Special case a=0, assuming t nearly equal to a multiple of periods of A.—Since €, 


: : E . ; 
is assumed to be small, the disturbance due to.4 becomes 4 a This becomes — .-f if @ 


be taken as 180°. Hence 
The disturbance of mean sea level under such assumed conditions that an improper 
length has the greatest possible effect, is independent of the speed of the component and is 
directly proportional to the error in length. | 
If there are several components the expression for the disturbance is 
Aé, Be, Cé 
ee 


‘ 
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This becomes zero if 





Aé,+ Be,+Cé+ ... =o. 
Now 
e=r— 730, é,=tT— y,300 ; = 1—v 300 
a 7b’ at 
and so the value of 7 satisfying the last — 1S 
60 
Av. ei By,? CY, OO i... 
He es p+ ae (341) 
-< i + B+ hick 
Hence 


The length of series giving the best value of sea level may be found by weighing the 
integral numbers of component periods (cach multiple period being nearly equal lo T) 
according to the respective amplitudes. 

Because &, is supposed to be a small quantity, we may write the general expression 
for the disturbance in the form 


al ae | 
—]l a&é, cos a— —sina 
at 2 


& 





- Aa bss tstehtns eshte ots aa 
If a= + 90°, this becomes + In assigning limits to the integration it was assumed 


that €, might have either a positive or a negative value. If we had supposed é, to be 
an essentially positive quantity, the expression for the disturbance would have been either 


ce , ae | 
ar Usin (aét+a)—sin a] or ar [sin a—sin (ae,+a@)] 


according as é, is placed at the upper or lower limit of the integration. Hence we shall 


have as the required disturbance of sea level when a= —g0° the very small quantities, 
Aaé ag 
7 Or — Tr (342) 


according as &,, is positive or negative. Hence 

The disturbance of mean sea level under such assumed conditions that an improper 
length has the least posstble effect ts proportional to the speed of the component and to the 
square of the error in length. 

For several components the disturbance is 


Aag re Boe, pe Cc& 


+ : 
T T T 





+e. | (343) 


This equated to zero would give a time 7’ slightly different from the rt’ already 
found. | 

We shall suppose 7’ to be determined by the foregoing rule, which weights the 
components according to their amplitudes. 

The periods of the several components expressed in mean solar days are given in 


the column headed A Table 1. Let such multiples of these periods be taken as shall 
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give in each case very nearly 29 solar days. The exact times thus determined are to 
be multiplied by the respective amplitudes of the components. If we use the theoretical 
amplitudes as given in Table 1, the above rule gives when M,, S,, N,, ”., L,, T., 2N, 
M, and K,, O,, P,, Q,, are substituted in the formula, 


T’ = 28.99 days. 


The result remains sensibly the same when we use semidiurnals alone or diurnals alone. 

Thus we see that 29 days is almost an ideal period for the determination of mean 
sea level, so far as a period can be decided irrespective of the time and locality. 

It may be remarked that although the above rule applies and’ gives rT’= 29 days, it 
does not follow that multiples of .29 days are the most accurate lengths which can be 
selected. And this is so because the rule presupposes that, for any assumed length, the 
fractional portions of the component periods are very small, at least this should be the 
case with the larger components. 

In attempting to find suitable lengths of series, it is to be noted that, since S, is a 
comparatively large component, such lengths should not fall from a whole number of 
days or of half days. This consideration, taken in connection with some of the 
uncertainties attending the determination of 7’, seems to justify one in always cutting 
the series off at a whole nuinber of days or of half days. 

Before attempting to actually find the lengths suitable for determining mean sea 
level, it is best to prepare a table showing the value, in mean solar days, of multiples 
of various component days (and half days tn case of semidiurnals), covering a period 
of a little more than one year. This having been done, the approximate lengths can 
be seen at once; for, the multiple periods of any component of considerable size must 
fall not far from the required times. 

Having found the approximate lengths, the formula for 1’ will be of assistance in 
determining the more exact values, or in discriminating between two nearly equal 
assumed values. 

The following are fairly satisfactory lengths expressed in solar days: 

29, 58, 87; 104.5, 133-5, 162.5, I91.5, 220.5, 249.5, 278.5; 297, 326, 355, 384 or 
282, 311, 340, 369. | 

Lengths approximately equal to 3 or 9 months are the most uncertain. 


140. Effect of one or more inequalities on the observed range of tide. 


An inequality in the tide can be represented by a curve resembling somewhat a 
curve of sines. The effect of the inequality will disappear if r be an exact multiple of 
its period. When this is not the case, the disturbance in the mean quantity due to the 
error in the length of series used depends upon the initial phase of the inequality. A 
given error in length will have the greatest effect when the initial phase is 0° or 180°. 

The inequality in height (range) and that in time (interval) should be separately 
considered. For, if the initial phase of the height inequality in a particular series were 
zero, the initial phase of the corresponding time inequality would be + 90°. But for 
determining a suitable length of a series we can assume in our calculations that the 
initial phase of the time inequality is also zero; in other words, that the disturbance 
due to error in length is the greatest possible. 
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Now each subordinate component 2, C,. . . can be connected with an inequality 
whose period is its synodic period with 4. Hence we have as a suitable length of 
series for determining the mean range of tide or the mean lunitidal interval 


60 60 
Big Oe 


, =c~a 
; fae 


SBCA ae a 


(344) 


141. Effect of one or more components on the observed values of another component. 


A series is cut off at a certain length 7. The A-summation gives the 4-wave 
uncorrected for the effects of B, C,. . These effects are the same upon the component 
«1 as would be the direct superposition upon 4 of the small waves 8’, C’,.... These 
latter denote, for the moment, waves of speed a whose amplitudes and phases depend 
upon the value of 7 . The amplitudes and phases must have such values that the 
wave compounded of B’, C’, ... . shall have its amplitude zero. 

To simplify matters, assume the phases of 4’, C’, . . . relative to 4 to be zero. 
The correction to the amplitude of f becomes, section 59, Part II. 








(345) 


64--6j= sin} (6—a) T sin $ (¢—a)T ah A 
a 4(6-—a)T 4(c—a)t c+ 
Since 7 is assumed to be near the synodic periods of .4 and #, A and C, etc., we have 


sin | (d—a) r= 4 (6-2) (r—y, 3) 


2 +a 


sin} (c—a) T= } (c—a) (-¥ 360° ) 


The disturbance in the amplitude of 4 due to the components B, C, . . . will be zero 
if r=7’, where : 
360 | 7, 360 
iat pig a 8 


7 iene 


Hence 
A suttable length of series for the determination of any component can be found from 
its several synodic pertods with the other components, by weighting these periods according 
to the amplitudes of the corresponding components. : 
By assuming other initial phases, slightly different results would be obtained. 


142. Rules for supplying missing portions of a tidal or tidal-current record. 


Since it is advisable to assume no particular knowledge of the tide at a given 
locality, the rules here laid down are designed to apply reasonably well to all stations, 
but somewhat better to those where the number of the tides is governed by the lunar 
semidiurnal constituent. | 

Short gaps can be filled by repeating the preceding record, starting the repeated 
portion at the same phase of tide (higher high, lower low, etc.) as that which imme- 
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diately precedes the gap. Ina similar way the curve can be extended across the gap 
from the record which follows. A mean between the two sets of values can then 
be used. 
In filling a gap more than a day or two in extent which may occur in a record 
several months long, advantage should be taken of the fact that the tidal forces, and so 
the tides, are after the lapse of certain intervals of time, nearly the same as before. 
Such intervals are 29, 191.5, 355, and 384 days. These are the times required for most 
of the inequalities to recur as nearly as may be; consequently, by making use of these 
intervals, all inequalities may be ignored and the missing tides inferred from the pre- 
ceding (or following) record through the principal lunar constituent only. The length, 
162.5 days, is less satisfactory. 

Periods approximately equal to the above lengths, but consisting of a whole number 
of half lunar days, are given here: 


d d h doh mi 
2 lunar half days = _ 1.035050}0= 1: o.8412= I 0 50.47 
56 = 28.981403 = 28 23.5537 = 28 23 33.22 
314 = 162.502866 = 162 12.0688 = 162 12 4.13 
370 = 191.484268 = 191 11.6224 = IQI II 37.35 
686 = 355.022184  =355 0.5324 = 355 © 31.95 
742 = 384.003587. = 384 0.0861 = 384 0 05.17 


From these values there result the following rules, which apply to any form of tide 
or current record: 

Tides 29 days after a given date are the same as those of the given date, but occur 
27 minutes earlier in the day. 

Tides 29 days before a given date are the same as those of the given date, but 
occur 27 minutes later in the day. 

Tides 191.5 days after a given date are the same as those of the given date, but 
occur 23 minutes earher in the half day. 

Tides 191.5 days before a given date are the same as those of the given date, but 
occur 23 minutes later in the half day. 

A. M. tides on the earlier date will generally be P. M. tides on the inten, and P. M. 
tides on the earlier date will generally be A. M. tides on the next day following the 
later date. 

Tides 355 days after a given date are the same as those on the given date, but 
occur 32 minutes later in the day. 

Tides 355 days before a given date are the same as those on the given date, but 
occur 32 minutes earlier in the day. 

Tides 384 days after a given date are the same as those on the given date, but occur 
5 minutes later in the day. 

Tides 384 days before a given date are the same as those on the. given date, but 
occur 5 minutes earlier in the day. 

Tides 162.5 days after a given date are the same as those of the given date, but 
occur 4 minutes later in the half day. 

Tides 162.5 days before a given date are the same as those of the given date, but 
occur 4 minutes earlier in the half day. 
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A.M. tides on the earlier date will generally be P.M. tides on the later, and P.M. 
tides on the earlier date will generally be A. M. tides on the next day following the 
later date. ‘ 

It is often convenient to take for the interpolated value the mean of the values 
occurring 29 days before and after the given date. 

As a practical test, the first of these rules was applied to the predictions for San 
Francisco, Cal., as given in the Coast Survey Tide Tables for 1902. Comparison was 
made between the 112 tides there given for May 1-29 and those occurring 29 days later. 
The latter were found to occur on an average 26.62 minutes earlier in the day than the 
former, the individual difference ranging from 1 to 55 minutes. The greatest difference 
between corresponding heiglits is 0.6 foot. 

To facilitate the application of these rules, Table 57 has been prepared showing dates 
upon which the tide should be almost the same in time and height. 

In using these tables, care must be taken to properly allow for February 29 when 
this date occurs in the period considered. ‘The table is for common years. 


143. General rule for inferring a component from larger components. 
Let .4 and & denote two large components, both diurnals or both semidiurnals. 
The age of the inequality in the 4 tide due to the B wave is 

Be — A 


b-—a 
The epoch of C, assuming the age of the C inequality is the same as of the 2 
inequality, is 
C—a 
°= A+ ; — (B—-A’*). 
Z T6—a' (347) 
In particular 


m,;— k’* 
i=Kit+ 9, (OKI) 


I I I 
=Kit+ 501—5Ki=5 (Kit On). 


The amplitude may be taken as the theoretical percentage of Bor of A or of A+B. 
In particular, (see Table 1). 
[M,]=0.079 O, or 0.056 K, or 0.033 (K,+0,). 


If c has very nearly the value a or 4 take C as the theoretical percentage of 4 or 
B (Table 1). If c has not very nearly the speed of either of these components, consider 
whether or not the period of the C inequality is equal to or commensurable with the 
period of the B inequality: If so, C can be taken as a fraction of B, even though c 
differs considerably from 4. For example, the ainplitude of L, can be better inferred as 
a fraction of the amplitude of M, or N, than of S,, although the speed of L, differs 
comparatively little from the speed of S,. 
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144. Remarks on reductions and analyses. 


In section 74, Part II, it is explained how the harmonic components may be obtained 
from observed high and low waters. In the method as there laid down some error 1s 
incurred because the period of the semidaily tide is not constant and because its ampli- 
tude, as there determined, is affected by the residual effect of the diurnal tide. This 
means that the principal tide, M,, can not be well determined from the interpolated 
ordinates, and so must be inferred from a ‘‘first reduction."’ The smaller components, 
however, are well determined, as the example given in the section just referred to goes 
to show. 

The more correct expression for the range of the semidaily wave is (498), Part II. 
A few extra columns on the reduction sheet will enable one to make the correction for 
the effect of the daily tide. 


No. 31. 
0 
prePie aee ee 


For interpolating hourly ordinates, when the period of the tide varies from day to 
day, various schemes might be suggested, such as tables or several sets of sine curves. 
A convenient apparatus may be described as follows: 

Upon a sheet of drawing paper (tacked to a drawing board) draw a series of, say, 12 
consecutive circles 0.2 inch apart, the radius of the inner circle being 6 inches. Let 3 
solar hours represent a quadrant of the 4th (which is for a tidal day of just 24 solar hours) 
circle, counting the inmost circle as the first. Lay off from an initial diameter 1, 2, and 3 
solar hours on either side. From the same initial diameter, but upon other circles, lay 
off distances such that the angles at the center shall not be 0°, 30°, 90°, as before, but these 
angles multiplied by c, s, where c, is the hourly speed of the tide and s, that of the com- 
ponent S8,, or 30° per hour, c, can be assumed to decrease uniformly in going outward 
from the inner circle (see Fig. 31). 


bs ae ESE 
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The values used for the duration of a tide, and which should be written upon the 
circles, may range from, say, 5.7 to 6.8hours. Either way from the initial diameter the 
first hour should be divided into tenths to represent the tenths of hours in the times of 
occurrence of mean sea level of the semidaily tide. The hours are reckoned in either 
direction; they increase, sav, from right to left for a rising tide and from left to right for 
a falling tide. Just within the circle is a disc, 12 inches in diameter, ruled with parallel 
lines, say, one-sixth of an inch apart, representing tenthsof feet of amplitude,and num- 
bered to make mean sea level any convenient reading. The disc bearsa pointer extending 
across the system of circumferences, already described. After setting the pointer at 
the proper fraction of hour (the fraction of hour in the time of occurrence of mean sea 
level, column 5, p. 570, Part II) and across the proper circle (column 6), the disc is 
weighted down or otherwise held in position. A graduated scale revolving about the 
center of the circles is set with its edge upon the exact hours of this circle. The ampli- 
tude of the tide taken from this scale is then projected by means of the parallel lines 
upon the disc, upon a line perpendicular to them. This gives the required hourly 
heights. 

In computing the effects of the diurnal components upon the amplitude (No. 498, 
Part II) it is convenient to make use of a system of parabolas whose ordinates are the 
ranges of the diurnal wave and whose abscisse are twice the ranges of the semidaily 
wave. The diurnal components are found as described on page 571, Part II. 

As a test of this process, ordinates have been inferred from high and low waters at 
Presidio, California, extending from January 1, 1898, over a series of 1914 days. The 
results as obtained from these ordinates generally compares well with results obtained 
from analyzing the observed ordinates for the same period. The results, not corrected 
for imperfect elimination, are as follows: 


-————— —_ = — 








_ From ordinates obtained 


_ from high and low From observed hourly 








| Compo. | waters ordinates 
| nent ; 7 a 
H «K | H | « 
ae a Dek, aces See lined Yege a, 
| 
Feet : _ Feet | is 
| Ky, --- 0.0965 313. 85 0.0912 | 330. 28 
: M, --- 1. 8165 332.27. . 1.7987 | 330.40 
| N, --- 0. 3778 307.25 , ©. 3833 305. 58 
| Sp----| 0.4100 | 341.47 | 0.4034 | 338. 39 
| My---- 0.0327 = 175. 26 o. 0328 _ 192. 56 
! K, --- 1. 1989 | 104. 59 | I. 2494 | 105. 84 
| O,---- 0. 6525 . 83. 59 | 0. 7646 : 88.64 | 
2 Passe, 0.4281 | 107. 84 | 0.4131 105. 34 








145. In sections 30, 31, Part III, a plan is outlined for finding the spring and neap 
ranges of tide and the approximate value of S, from observed high and low waters. In 
practice it is generally best to assume that the age of the phase inequality is known 
from an harmonic analysis at the given station or at one not far away (see tables 
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under section 97, Part IV A, section 19, Part IV B). If harmonic constants are to be 
found,it seems best to use the method described in section 74, Part II, and slightly 
improved in section 144, Part V. The assuming of the age makes it possible to use 
comparatively short groups at springs and neaps. 

In correcting for parallax it has been found best to make use of mean, rather than 
true, perigees and apogees. The times of the occurrence of these are given in Table 58, 
and the effect of the parallax wave upon the spring and neap ranges is given in Table 59. 

146. In sections 36-39, Part III, a treatment of high and low waters for obtaining 
quantities connected with the diurnal part of the tide is given. In practice we can 
generally assume that the age of the diurnal wave is known from harmonic analyses 
at the given station or at one not very far away (see tables under section 97, Part IV A, 
and section 19, Part IV B). If harmonic constants are to be found, it seems best to 
use the method described in section 74, Part II, and slightly improved in section 144, 
Part V. 

The object of giving the below computations is to show how the nonharmonic 
quantities can be obtained and how corrections for the time of year and for the longitude 
of the moon’s node are to be applied. The results obtained from a one-month series 
and from one six months in length are seen to be in fair accord with each other. Before 
beginning these computations, it is assumed that if Greenwich transits have been used, 
the intervals have been so corrected as to refer to the local meridian. The effect of 
solar kK, upon the interval can generally be ignored in computations relating to short 
series. 








12770—07———32 
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STATION: PRE 


Declinational tides, January 6 to December 26, 


(1) HWQ from reduction. 

(2) LWQ from reduction. 

(3) (1) x (group factor, Table 35)=HWQ corrected for group. 

(4) (2)x(group factor, Table 35)=1,WQ corrected for group. 

(5) (Ge from reduction) + % [(3) + (4) —(1) —(2)] =Ge corrected for group. 
(6) (Sc from reduction) —% [(3) +(4) —(1)—(2)] =Se corrected for group. 
(7) (Tropic LLW from reduction) —'4[(4)—(2)] = Tropic L,1,W corrected for group. 
(8) (3)+(4)?=(HWQ)?+(LWQ')=(approx. 2D). 


(9) (Mc from reduction) —(8)+ [(.06) x16 Mc] =Mc— oy 2Ds, 





HW 
(10) (3)+(9)" ape = argument Table 19. 
(11) (4)+(9)=LWQ_ argument Table 19. 
2D, 


(12) 2D: Table 19. 2D23=unity. 
(13) HW phase Table 19. See Part III, p. 161. 


(14) 1.024), Table 14,0r Teather ei , when 0,/K, differs much from 0.7. 
1K’; +0, 


#(15) (9) x(12) X(14)==2D_X (2D, Table 19) x 1.02F;= corrected 2D). 
*(16) (3) x (14) =HWQx 1.02/;= corrected HWQ. 
*(17) (4) X(14)=LWQx1.02F;= corrected LWQ. 


(18) 37.6™ s sin (K,°—O)°—K,°— M,") = increase in interval due to solar Kg. 


(19) (9)x[F(Mn), Table 14, K,+0,=0] =2D, corrected for moon's node. 
(20) (14) +F(Mn)=[(De uncorr.) x(D, corr.)]+ [(D: corr.) x(D, uncorr.)] = factor for time inequalities. 
(21) HWI+(18)=— Mean tropic HWI. 
(22) L.WI+(18)=— Mean tropic LWI. 
*(23) [HHWI —(21)] x (20) +(21) = corrected HHWI. 
*(24) [LH WI- (21)] x (20) + (21) = corrected LHWI. 
#(25) [HL WI —(22)] x (20)+ (22) = corrected HLWI. 
#(26) [LI,WI—(22)] x(20)+(22) = corrected LLWI. 


*(27) [(5)—9)] x (14) +(19) =: corrected Ge. 
*(28) [(6)—(9)] x (14) +(19) = corrected Sc. 
*(29) [Gt—Mn’] x(14)+Mr = corrected Gt. 
*(30) 2Mn—Gt = corrected SI. 


*(31) [(7) (HTL — 3(9)) x (14) + HTL — (19) = (Tropic L1,W—uncorr. D3gl,W] x 1.027; + corr. D3l,W = cor- 
rected Tropic LLW. 

*(32) [Mean LLW—LW] x(14)+LW= corrected mean LLW. 

*(33) %[HWI1+LWI+6 12™.6] + (18) —o%.069 x (13) = (My accel. by solar K:—HW phase)+m,=D,HWI. 








An asterisk (*) indicates one of the quantities sought. 
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SIDIO, CAL., 1898. 


(length of series a multiple of six months). 


SSS SSNS 
| (1) 1.670. 

(2) 3.714 

(3) 1.670 1.012—1.6g0 

(4) 3-714 X 1.012—3.759 

(S) 6.451 + % [0.065] =6.483. 

(6) 1.167—% [0.065] = 1.135. 

(7) 4.688 - 4% [0.045] = 4.666. 

(8) (1.690)?+ (3.759)? = 2.856 + 14.130== 16.986. 


(9) 3.809 — 16.986 + (16 x 3.809) = 3.809 — 0.279 = 3.530. 
(10) 1.690+3.530=0.479. 


(11) 3.759+3.530—= 1.065. 


(12) 1.178. 
(13) 65°. 
/ (14) 1.020.944. [Table 14] =0.963. 
: *(15) 3.530 1.178 X 0.963=4.004= corrected 2D. 
| *(16] 1.690 x 0.963=1.627=: corrected HWQ. 
*(17) 3.759 0.963 3.620= corrected I,WQ. 


rae sin 21.°5= 1,0, 
(19) 3.530 X 1.009= 3.562. 

(20) 0.963 + 1.009=0.954. 

(21) 11543™.3+1™.om 11h 44m, 3, 

(22) § 05.8 +1.0 = 5 06.8. 

*(23) (10% 397% 4—11 44.3) X0.954+11" 44™.3—105 40.5 HHWI. 

(24) (13 08.3 —11 44.3) X0.9544+11 44.3 —13 02.5 =LHWI. 

*(25) ( 4 42.0 — 5 06.8) x0.954+ 5 06.8 = 4 41.2 =HLWI. 

*(26) (5 32.5 — § 06.8) x0954+ 5 06.8 = 5 29.4 =LI,WI. 
*(27) [6.483—3.530] x 0.963+ 3.562=6.408=Ge. 

*(28) [1.135 —3.530] X0.963+ 3.562—1.256= Se. 

*(29) [5.696- -3.897) x 0.963 +3.920=5.652=Gt. 

(30) 2X3.920-- 5.652 =2.188=S]. 

*(31) [4.666—8.366+1.765] x 0.963 +8. 366—1.781=4.722= corrected Tropic LLW. 


*(32) [5.191—6.416] X 0.963 +6.416=5, 236— corrected mean LLW. 
*(33) & [11> 43™.3+5> 05™.8+6> 120.6) + 1™,.0—4).485=7> 02.27, 


(18) 37™.6x 
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Declinational tides, March 1 to April 16, 


Be a a i ie ap Oy 


(1) HWQ from reduction. | 
(2) LWQ from reduction. 
(3) (1) (group factor, Table 35)=HWQ corrected for group. ; 
(4) (2) (group factor, Table 35)=LWQ corrected for group. 
(S) ¥(3)2?+(4)2 =" (HWQ)?+(LWQ)! =4Pprox. 2D). 
(6) Mc from reduction or 0.88 Mn or Mn—o. 54 Ss. 





as Fo _ _(2D))?_ 
(7) (6)—(5)* +16 (6) = Mc CEM 2D. 


(8) (3) #(7) aH Qe arg. rable 19. 
2D, 





(9) (4) +(7) = EW Jarg. Table 19. 
2D, 
(10) 2 D, from Table 19. 2De=unity. 
(11) HW phase from Table 19. See Part III, p. 161. 
(12) 1.02 F;, Table 32, or 102 (Ki +01) Table 31, if O,'K, differs much from o. 7. 
ey K’;+O'7 ; 
(13) 0.606 (Table 31, col. 2) +(12)=accel. of dirunal wave due to P). 


K — : ae 
(14) 37™.6 * sin (K», +O —K%— M3) =Increase in interval at tropic tides. 
M: 


(15) 4{2(0HWI4+LWI1) +2(14)) —-(HHWI+LHWI+HLWI+LLWI)) =accel. of 9 due to solar effect in minutesand 
mulplied by o. 483 in M°s degrees. 
(16) [(7)—2Ss (average phase corr. Table 24) (col. 9 Table 31)] [A(Mn)—Table 14 (K,+O,)=O] =2D, corrected 
for solar effect and moon's node. 
*(17) (7) (10) X(12)=2D, corrected. 
(18) 4(15) —(13) + (11) =corrected HW phase. Arg. Tables 17 and 18. 


(19) =aD arg. Tables 17 and 18. 
(20) Table 17, arg. (18) and (19). Accelerations. 
i (i) HHW. 
(ii) LHW. 
(iii) HL W. 
(iv) LLW. 
(21) Table 17, arg. (10) and (11). Accelerations. 
(i) HHW. 
(ii) LHW. 
(iii) HLW. 
(iv) LLW. 
*(22) (i) HHWI from reduction+ [(21i1) —(20i)]  2™.07+(15)=corrected HH WI. 
(ii) LHWI from reduction + [(2tii) —(20ii)]} <x 2.07+(15)=corrected LHWI. 
(iii) HL WI from reduction + [(21iii) —(2otii)] « 2.07+(15) =corrected HLWI. 
(iv) LLWIJ from reduction + [(2jiy) —(20iv)] x 2.07 + (15) =corrected LL WI. 
(23) Table (18) arg. 18 and 19. 
(i) HHW. 
(ii) LHW. 
(iii) HLW. 
(iv) LLW. 
*(24) (231) =HHW 
ae <4 (16) sae from HTL 
( 23iv) =LLW 
*(25) (231)— (2311) =HWQ. 
*(26) (2giii) — (23i1v) =BWQ. | 


ne ec en --— 


#(27) (231)—(23iv) =Ge. 

#(28) (2311) —(23ii1) =Se. 

#(29) (Gt— Mn’) x(12)+Mn=corrected Gt. 

*(40) HTL, —(23i)=corrected Tropic I,L,W on staff. 

*(31) (Mean LLW-—LW!) x(12)+1,W=corrected mean LLW. 
%(32) k[LH WI+1L, WI +6%12™6] +( 14) —04.069 x (18) = [My accel. by solar Kz—HW phase] +m,=D, HWI. i 


An asterisk (*) indicates one of the quantities sought. 
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(length of series not a multiple of six months), 





(1) 1.42. 
(2) 3.38. 
(3) 1.42% 1.012 = 1437. 
(4) 2.381.012 == 3.421. 
(6) 3.12, 
pe 
(7) 3i2—- 13. 708 = 2.844. 
| 163.12 
; (8) 2845 25S: 
(9) Bag 28 
(10) 1. 330. 
(11) 66.5. 


(12) 1.02X1. 081=1. 103. 


(13) 0.606 x (13.3 X0. 946) +1. 103=7°.0, 





0.116... ¥s 

‘een 21°.5=1M,0 
(15) % [2(118 go™.5 +54 01.94 2m.0)— (rob 141-4120 56%.6+4> 21,524) 55m, 3)] = 14, 6mm 79,0, 
(16) 2.844—0.80 x = 9-80.94, 492. 3.492 X 1.011 = 3.530. 


(17) 2.844 X 1.330 1.103 = 4.172. 
(18) 3°.5—7°@+66°.5  ==63°.0, 
172 
(19) Fagot 182. : 
(20) Accel. of HWand IW. Arg. 63°.0 and 1.152. 
(i) HHW +26.8. 
(ii) LHW —35.5. 
(iti) HLW +21.0. 
(iv) LLW —12.2. 
(21) Accel. of HW and LW. Agr. 66°.5 and 1.330. 
(i) HHW +31,0. 
(i) LHW —41.7 
(iii) HLW +22.1. 
(iv) LLW —11,7. 
*(22) (i) 100 147.14 8".74+14™.6=104 377. 4m HH WI 
(ii) 12 56 .6—13 .24+14 .6=12 58 .4=LHWI. 
(iii) 4 21 .5+ 2.3414 .6= 4 38 .4=HLWI. 
(iv) 4 58 .34+ 1.0414 6= 5 13 .g=LLWI. 
(23) Arg. 63°.0 and 1.182. 
(i) +1.655. 
(ii) +0.620. 
(iii) 0.000. 


| 
| 
| 
| 
| 
(14) 379.6% 





(iv) —2.080, 
*(24) (i) 1.655 2.921 HHW 
(iti) core] 775 “cen a ccaew] Om HTL. 
(iv) —2.080 —3.671=LLW 
*(25) 2.921 —1.094=1.827=HWQ. 
*(26) 0.000+ 3.671=3.671=LQW. 
*(27) 2.921+ 3.671 =6. §92—=Gc. 
*(28) 1.094+ 0. 000=1.094=Sc. 
#(29) (5.356—3. 884) x 1. 103+3.911=5§. 535=Gt. 
(30) 2X3.911— §.535+2. 287=Sl. : 


(31) (5.056—6. 104) X 1. 103+6. oyo=4.933=mean LL W. 
(32) & (115 407.5455 017.9+6" 12™.6) + 1™.0 —0. 069 X63. Om 11> 28™,5 — 4) 20M, Bem 7b 07.7, 


- 
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147. Where the tides are chiefly diurnal, it becomes necessary to make reduction 
of the equatorial tides in order to ascertain the semidaily wave. The semidaily wave 
being thus known, the diurnal can be ascertained at the time of the tropic tides by 
means of the great tropic range of tide and the times of occurrence of the tropic high 
and low waters. This procedure is preferable to that proposed in Part III, which 
makes use of Table 20, because mean sea level is subject to considerable variation. 
Given the displacements (accelerations) v and w of the semidaily wave. due to the 
diurnal wave, then the HW-phase, 8, can be found either by means of a table, like 
Table 17 extended, or by means of the formula: 





tan (HW-phase) = — tan : v cot - w tan (45° — = i ve (348) 
This equation is found by successively substituting for 4 ¢ in the derivative of (27), 


Part III, equated to zero, — 4 v and go°—} w, and eliminating B 4. 

A reduction of the tides for one year at Manila shows that, not only can the ranges 
and intervals be determined from observed high and low waters, but also that the 
principal harmonic constants determined by this means agree well with the constants 
obtained by analyzing hourly ordinates. 


148. Miscellaneous remarks and corrections. 


In section 24, Part I, the wave profile is shown to be trochoidal; but the approxi- 
mation there used for y requires a correction when the amplitude of the wave is a con- 
siderable fraction of its length. The necessity for this correction is apparent in Fig. 12, 
Part IV A. Using the value of + given in (51) Part I and increasing the right-hand 


6=2" 
member of (52) by a quantity €, the value of | y’dx, where 7’=y—A, equated to zero 
0=0. 


gives 
pa hm* (349) 
4n 

In other words, the condition of continuity where a whole wave length is 
considered prevents y’=y—A from having the form (52). | 

In equation (1), Part I, for 50, substitute 48.8. The same substitution should be 
made in second footnote, section 93. Here also substitute for ‘‘daily retardation,”’ 
‘‘ retardation per solar day,’’ and for 36, 88, 51, and 49; 35, 87, 50, and 48, respectively. 

In section 5, Part III, a graphic process is outlined for determining the times of 
maxima and minima of a wave composed of two simple waves, the period of one being 
twice that of the other. In construction of Tables 4 and 44 the following process of 
further approximation was used: 

Let v denote the approximate values of z, either directly from construction or from 
a second or higher approximation. 


Then 
I I 
50s oY +5733 (350) 
where 
ee 


4 Cos 5U+B cos f (351) 
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If this value of vw does not satisfy equation (28), Part III, where 4d=1, a second 
approximation should be made in the same manner. 
If we write 


z=cos* f, | (352) 
then, in the limiting or discriminating case, 8 and f are connected by the relation | 


1 (B-16 
Be a ae (353) 


This equation, equated to zero, represents the discriminant of eq. (28), Part III, 
wherein x is written for 


I 
cos -vé, 
2 


In section 20, Part III, for 1.006, put 1.012. 

An harmonic analysis of the tide at Tamatave, made by the French, show that 
more of the cotidal lines should meet the eastern coast of Madagascar than are repre- 
sented as doing so in Figs. 6, 7, Part IV B. In fact, under this station, page 350, Part 
IV B, the M,-cotidal hour is given as X.33, indicating that at least lines X$— XII¢ 
meet the coast. The values used in the construction of the cotidal lines for this region 
were taken chiefly from the Admiralty Tide Tables; the French values for Tamatave 
did not come to my notice until after the chart had been constructed. 

Recent observations at Kiska Harbor, Aleutian Islands, show that the crowding 
up of the cotidal lines should occur in this vicinity instead of a little farther east, as 
shown in Figs. 34, 35, Part IV B. Observations give for mean high and low water 
intervals 2" 07™ and 8° 17™, and for mean range of tide 1.9 feet. This fact, together 
with the small range of tide found at Kiska, go to confirm the existence of the nodal 
line shown in Fig. 23, Part IV A. 

_ In third line from bottom of page 545, Part IV A, fore read ¢. 

A few corrections of errata are indicated in section 76, Part II; others have been 
indicated on errata sheets accompanying the Reports in which the parts of this manual 
have appeared. 

For want of time, several matters whose treatment was contemplated must be 
omitted here. For example, the determination of the moon’s mass from the ratio 
P,/K, for ocean stations where the diurnal wave is large. That the assumed mass of 
the moon approximately agrees with the value inferred from the tides can be seen 
upon comparing the ratios P,/K, for such stations in section 97, Part IV A, and section 
19, Part IV B, with the assumed theoretical ratio. Other astronomical quantities can 
be estimated from the tides. 

The slow rate of propagation in rivers, or other arms of the sea, having broad 
marginal strips of shallow water, or inequalities in shoreline like those possessed by 
Chesapeake Bay, is another matter passed over for want of time. 

A few other matters are: Thecourse of the diurnal wave, the K,-wave, for instance; 
the analysis and discussion of long-period gravitational tides; the latitude-variational 
tide; improvements in the methods of making and reducing observations; and the 
construction of additional auxiliary tables. 


504 COAST AND GEODETIC SURVEY REPORT, 1907. 
ADDITIONAL ERRATA, PARTS I TO IV B. 


Part I. Fig. 19, opposite page 384, all numerals denoting heights should be multi- 
plied by two. 

Page 421, strike out lines 16-19. 

Part II. Page 479, line 15, for ‘‘ bench mark’’ read ‘‘ water,’ for ‘‘water’’ read 
‘‘ bench mark,’’ for ‘‘ difference between '’ read ‘‘ sum of.’’ 

Transfer ‘‘}+t’’ at end of line 35 to end of line 37. 

Page 514, 10th line from bottom, delete ‘‘a small displacement of.’’ 


” 


. Page 517, 14th line from bottom, for ‘‘1’’ write ‘ ie 


Page 535, line 15, for ‘‘87°’’ write ‘‘87° 43.” 

Page 553, 11th line from bottom, for ‘‘in local time”’ read ‘‘ in standard time.’’ 

Page 556, 1st table, for ‘'¢ (.4)’’ write ‘“€,(.4)’’; for ‘'o.(8)’’ write ““S(B)”’; 
for ‘‘«’=4+ Vit+n”’ write ‘S«’=E4+ i424.” 

Page 573, 9th line from bottom, for ‘‘all multiplied by the same constant ’’ read 
‘‘ each divided by a constant proportional to its speed;’’ 7th line from bottom, for ‘‘ This 
shows that’’ read ‘‘ In certain straits, see section 34, Part I.’’ 

Page 583, Table, after ‘‘ All’’ add ‘‘ except S.’’ 

Part IV A. Page 564, 5th line, for ‘‘/’’ read ‘‘x;’’ 6th line after ‘‘have'’ add 
‘‘for the flood stream ;'’ 12th line, for ‘‘+’’ read ‘‘+;’’ 13th line, for ‘‘+’’ read 
‘““—;"? in eq. (74) and following expressions on page 564, for ‘‘a@’’ read ‘‘ —a@.”’ 

Page 579, in 2d, 4th, and 6th lines from bottom of page, for ‘‘Z’’ read ‘‘z.”’ 

Page 616, near middle of page, for ‘‘three’’ read ‘‘ these.’’ 

Page 620, annex ‘‘cos @ ,,’’ to each parenthesis of eq. (314). 

Page 623, 4th line from bottom of page, for ‘‘(321)’’ read ‘'(318).”’ 

Part IV B. Page 332, 1st line before eq. (24), for ‘‘x’’ write ‘‘7.’’ 

Page 351, 3d column from right-hand side, for ‘'5.87°’ read ‘‘11.87.”’ 

Page 351, 5th, 4th, and 2d columns from right-hand side for ‘‘224.5’’ read 
‘324.5;” for ‘‘14.97,’’ read ‘‘21.63;’’ for ‘‘6.27’’ read ‘‘ 12.93.’ 

Page 371, 9th line from bottom, before ‘‘occur,’’ insert ‘‘ not.’’ 

Page 375, 13th line from bottom, delete ‘‘ approach.’’ 

Page 386, 2d line from bottom, delete ‘‘ scarcely.’’ 

Page 388, near middle of page, for ‘‘III’’ write ‘‘III}.’’ 


AUXILIARY TABLES 


FOR THE 


REDUCTION AND PREDICTION 


OF 


TIDES. 


(K,] 
1K,) 


K, 


[Ky] 
[Ky] 


[Ls] 


M, 
(M,] 


M; 
M; 
M, 
Me 
Me 


Ny 
2N 
O; 
OO 


P, 





*The diurnal components are s ' 
t The first of these components is Ferrel’s #;; the second his , or Q,’, 
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Name of component, etc. 


Smaller lunar elliptic diurnal 


Lunar elliptic diurnal, second order 
Larger lunar evectional diurnal 


Lunar diurnal 
Solar diurnal 


Luni-solar diurnal 


Lunar semidiurnal 
Solar semidiurnal 


Luni-solar semidiurnal 


Smaller lunar elliptic 
semidiurnal 


{Ferrel’s L,] 


Smaller lunar elliptic diurnal 


(Ferrel’s #1, or Q,’] 


Principal lunar series 


Larger lunar elliptic, semidiurnal 


Lunar elliptic semidiurnal, second order 


Lunar diurnal 


Lunar diurnal, second order 


Solar diurnal 


Larger lunar elliptic diurnal 
Smaller solar elliptic 


ae solar series 


Larger solar elliptic 
Smaller lunar evectional 


Variational 


Larger lunar evectional 


Speed per mean solar hour. 


TABLE 1.—The principal harmonic components, 


as mm a 


Formula. ¢ 
. ° 
yY+to-—a@ 155854433 
y-qo+2 m7 12°8542862 
y—-309—-w-+27 13°4715144 
y 15 °0410686 
Y 15°0410686 
y 15 °0410686 
ay 300821372 
ay 30°0821372 
ay 30°0821372 
2 y—o— wand: . 88 
52 eats { 29° 52847 
2y—o—-o@ 29° 5284788 
2y+o—oa 30°6265120 
y—o—o and . 
ena , 14° 4920521 
y—o+o 14° 4966939 
2(y—¢) 289841042 
3 (y—¢) 43° 4761563 
4 (y-¢) 57° 9682084 
6 (y—o) 86°9523126 
8 (y—c) 115°9364168 
2y—3 0+ 28° 4397296 
2y¥-40-+2 0 27°8953548 
Y-2¢ 139430356 
yt2¢ 16° 1391016 
y—-29 14°9589314 
y-3 0+ 13° 3986609 
2-7 30°0410686 
y-" 15 “0000000 
2 (y—n) 30° 0000000 
3(y¥—-”) 45 ‘0000000 
4 (y—-”) 60° 0000000 
2y-37 29°9589314 
2y-o+mW-—2n| 2974556254 
2y-4o+27 27° 9682084 
2y—30—W+27| 28°5125830 


| 


c 


al 


*03903 
"85695 
089810 


c) 


%°00274 


2'00548 
2°00548 


2°00548 


1°96857 
196857 
2°04177 


w» o- 
Ss & 

we 
co » 
a Sy 
- “ 


wW 
eo 
an 
> 
wa 
wa 


1° 89598 
1°85969 
0°92954 


107594 


300000 
400000 
1°99726 
1°96371 
1°86455 


1°goo84 


odic with M,, and the semidiurnal components with M3. 
and is the same as [M,]. U.S.C. and G. S. Report, 1878, App. 11. 





Speed ratios. 
51 a 

e ™M, 
0°96244 | 0°53772 
1° 16693 | 0°44349 
1°11346 , 0°46479 
0°99727 | 0°51894 
©°99727 | 0°51894 
0°99727 | 0°51894 
0°49863 , 1°03788 
0°49863 | 1°03788 
0° 49863 | 1°03788 
0'50798 | 1°01878 
0'50798 | 1°01878 
0°48977 | 1'05667 
1°03505 , ©°50000 
1°03472 | 0° 50016 
0°51753 1 *°o0000 
0° 34502 | 1° 50000 
0°25876 | 2°00000 
0°%725.% 3 C0000 
0'12938 | 4°00000 
0°52743 | 0°98122 
0°53772 | 0'96244 
1°07581 | 0°48106 
0'92942 , 9°55683 
4°0027§ | O°51611 
I LIQ5r 0° 46228 
0°49932  —- ¥°03647 

| 

1°Q0000)=—(«O" §1 753 
0" 50000 %°03505 
0° 33333 | 1°55257 
0°25000 | 2°07010 
0.50069 | 1°03363 
0°50924 | 1°01627 
0° 53632 | 0°96495 
0° 52608 | 0'98373 


f 
k, 


1°03619 
085461 
0° 89565 


1° 96319 
196319 
2°03619 
0°96350 
0'96381 


1°g2700 
2°89050 
3°85400 
5° 78099 
7° 70799 
1° 89081 
1°85461 
0°92700 


1°07300 


0°90454 
0° 89081 
1°99727 
0°99727 
1°99454 
2°9918: 
3° 98908 
199181 
1°95835 
1° 85946 
1°89565 


Synodic 
period.* 


15/(m~c) 


d. 


13°71879 
9° 15882 
14°65813 


27°32158 
27° 32158 


27° 32158 
13°66079 
13°66079 
13° 66079 
27°55456 


27°55456 
9° 13293 


27°55456 
13°77728 
27° 32158 


9° 10719 


32°12822 
13'71879 
14°19158 


29°53059 
34°76529 


15° 38734 
31°81193 


14°76529 


31°81193 





with their speeds, coefficients, eto. 


{K,] 
(Ki) 


K, 


(K] 
(K3] 


M, 
(M,) 


Ms 
M3 
M, 
Mg 
Me 


Ns 
2N 
O; 
OO 


Wg 
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Coefficients. Coeff. 
Mean c 
Formula. value.| M, 
aesina/ °01485 0°03269 
V ec? sin / cos? §/ 00487 | ‘o1072 
: : *00512* 0°01127 
Wf me sin J cos? § / oe o"o1ssg 
(3+-4 e*) sin 2 / "18115 (0° 39878 
(2+8 ¢1) 4 sin 2a °08407 [0° 18507 
(4+-4 e*) sin 2 7+(3+96,7) 7 sina w! "26522 |0' 58385 
(4428 ¢) sin? / "03929 0° 08649 
(4+2 ¢,7) 2! sin? w "01823 |o'04013 
T 
(+4 ¢) sin? +444 6:2) —! sin? w °05752 0° 12662 
T 
te §1—ratan?g/cosa/’} costs /1 °O1257 0'02767 
te cos!3/ "01257 |0°02767 
ge sin? / "00323 [O° oo711 
rot. 2 00522!/0°O1149 
be Seta cos 2 f } sin / cos* 4 /t eae oe 
g@esinal ‘01485 |0°03269 
(4-2 €%) cost § / "45426 |1 ‘00000 
ta @ cos® § /, (and shallow water) "00599 j0'01319 
(Shallow water) 
(Shallow water) 
(Shallow water) 
fecost,/ °08796 [0° 19363 
VY Acost,/ "01173 |0'02582 
(4—} -*) sin J cos? 4 / "18856 jo’ 41509 
(¢—} ¢%) sin / sin? 3 7 °00812 |o'01788 
(4—$4,7) 43 Bin w cos? ¢ w *08775 [0° 19317 
i e sin / cos? § 7 °03651 |0°08037 
$41 = cos‘ $ w °00178 0'00392 
(Chiefly meteorological) 
(48 41%) =! cost § w *a1137 |0°46531 
(Chiefly shallow water) 
(Shallow water), (S2/M,)* M, 
ie 2 cos* § w 01243 |0°02736 
*00176*'0' 00387 
b§ mee cost § / penta lo"00726 
007 36*|0°01620 
18 m? cost / te ihe 
°01234*10°02717 
WP wre cost 4 J ite: 0°03756 


ratios. 


S 
K, 


0'05600 
0°01836 
©'01930 
0'02669 
0' 68302 
0° 31698 
100000 
o' 148314 
0' 06874 
0° 21688 


0°04739 
0°04739 
0'01218 
0'01968 
0'06a17 


0°05599 


1°71277 


*04259 


0° 33165 
0°04423 
0°71096 


0° 33086 
0°13766 
0'00671 


0° 79696 


004687 
0° 00664 
O'O1244 
hess 
0°04125 


"046 
0704653) 


Factors for reduction. 








F 
Fj) = 9172147 
sin 2 / 
F = F(O)) 
F = F(Q)) 


#((Ki)) sin2/ PUD 


F ({K,]) = unity 
F(K)) = 
1°05628 


(sin? 2 /-++-0° 66962 cos v sin 2 /+0.11210)} 


F((Ks]) = 245052 








F (Ky) sin? / 
= unity. 
mee or 
Pee RR a: Se eT 
(sin* / + 0° 14527 COS 2 » sin? /-+-0'00528)4 
F(Ly) = F(M,) X 2’ 
F =, 0791538 _, 
(a) = S258 = FM 
F —. 0° 15652 
sin? J 
F(M,) = F(O,)) xv 
F ((M,)) = 2:72747 = 
([M,]) ana? = YON 
F (M,) 0°91538 
cost; / 


F (My) = SB = FM) 


ae cos’ ¢/ 





F(M,) = 2.76791 — 73 (M,) 


cos!2 4/ 


F(M,) = 270210 — 74(M,) 





~ cosi6 7 


F(Ny) = 2.93538 = F(My) 











cost 4/ 
ae” 
iy 

sin I sin? § / 


F(P,) = unity 








— 0.38005 

FQ) = aay cos? gZ 
F(R) = unity 

F(S,) = unity 

F (53) = unity 

F (Ss) = unity 

F(S) = unity 

F(T.) = unity 

FQ) = S953) = FM) 
F(us) = ae = F(M,) 
Fog = 258 = Fay 


= F(Q),) 
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Equilibrium arguments. 


tth+s—ptgo° 


t+ —4s-+2f— 90° 
t+3h —3s—f—go° 


t+-h+90° 
t+h-+-90° 


t-+h+90° 


2f-++ak 
2tt+2h 


2t+2h 


ale alee eo 
2f+2h4—s—f+180° 


2t+2h+s—p/ 
t+A—s-+-90° 
th—stptgo° 


at-+2h—2s 
3t-+-34 — 35-4+180° 
4f-+4h—45 
6¢-+-64 —6s 
8/+-8A4 —8s 


at+2hk—35+4 
2t-+2k—4s+2h 
t-++A—as—go° 


t+h-+25-+490° 


@ 
t—h—go? 
Ph — 35-+f— 0° 
aft+h —f| 


t-+180° 
af 


3¢-+180° 
at 
at—h+Af, 
2f—stp+180° 
| 2t+4h—45 
| af+4qh—3s—fp 


at—»y 
2 {—»v 


2f—2v—R 
2{—av 
—2v 
f-v+Q 


—v 


2{—ay 
3-3" 
4k—4" 
6&—6y 


8§—8y 


2£—ay 
2f—ay 
2f—v 


—2ft—y 


Zero 
2f—y 


Zero 


Zero 
Zero 


Zero 
Zero 
Zero 
2f—av 
2f—2v 


ag—2y 


* The lower of these two figures gives the value when the coefficients in the evection and variation have their full values as derived from 


Lunar Theory. 
t The coefficients of Ly and M, are approximately expressed by the 


+ The first of these two numbers is 


from y-o—@ and y—c-+a. 


iven formulz ; the true mean values are 001278 and o'or 3} 
e mean value of the coefficients of the tide y—o—wm; the second applies to the tide M,, compounded 


1, respectively. 
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TABLE 1.—The principal harmonic componente, 






































Speed per mean solar hour. 
Sy Synod c 
Lo _ Name of component, etc. period.* 
Formula, c t5/(m~<) | 
° d. 
MK 44°0251728 | 2°93S0r 0°34071 | 1°51894 | 2°92700 
2MK 42°9271398 | 2°86181 0°34943 | 1°48106 | 2°85400 
MN 57° 4238338 | 3°82826 o°26122 | 1‘98122 | 3°81780 
Compound tides 
MS t 58°9841042 | 3°93227 0°25431 | 2°03505 | 3°92154 
2MS 27°9682084 | 1°86455 0°53632 | o'g6495 | 1°85946 
2 SM | 2y+e0-49 3x°o1s8958 | 2°06773 0° 48362 ' 1'07010 
. 4 
Lunar fortnightly 20 1°0980330 | 0°07320 13°66079 —-0'03788 
Luni-solar synodic fortnightly 2(o—n) . 1°0158958 | 0°06773 14°76529 | 0°03505 
Lunar monthly o— oa ©°5443747 | 0°03629 27°55455 | 0'01878 
Solar annual n 0'0410686 | 0°00274 | 365°24219 | 0° 00142 
Solar semiannual 27 0°0821372 | 0'00548 | 182'62109 | 0'00283 
Right ascension of local meridian y 1§'04106864 | 1'00274 '0°99727 | 0°51894 
Mean longitude of sun n 0°04106864 | 0'00274 | 3652421 0°00142 
Mean longitude of moon o 0°54901653 | 0'03660 27° 3215 0°o! 
Mean longitude of lunar perigee w 0'0046418 0°00031 | 3231°48 0°0001 
Mean longitude of solar perigee Gionscoige ©’00000 |... eee 0° 00000 
Time in hours after midnight, or do. multiplied | y—» 1§"C0000000 | 1°00000 1°o0000 | 0°51753 








by 15 
¢ =speed of any component. m, = speed of the diurnal component M;. 
¢, = speed of any diurnal component. m; = speed of the semidiurnal component M, = 2 m). 
k, = speed of the diurnal component K,. Ss, = speed of the diurnal component S, = 15° per hour. 
* The diurnal componens are synodic with M,, and the semidiurnal components with M3. 
Tougeesied by Helmholtz’s theory of compound sounds. B. A. A. S. Report 1869, p. 504. MS has been called the Helmholtz luni-solar 
tide. B.A. A.S. Report 1870, p. 149. Ferrel designated it by (MS)«. 
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with their speeds, coefficients, etc.—Continued. 


rr 


| 
{ ' 
































Coefficients. Coeff. ratios. | Factors for reduction. ; Equilibrium arguments. 
Syme) Pa a aa ee 
bul 
! : Mean Cc _¢ . ' . 
Formula. value: M, K, | I } ! PY} 
| 
MK | (Shallow water) F (MK) = F(M,) X F (K)) 34+-34—25-+90° 2t—2y—py’ 
| 
2 MK! (Shallow water) . | F(z MWK)= F (M,) & F (K,) 34-+34 —43—90° 4€—4qutu’ 
MN | (Shallow water) | F(MN) =°2 os = F(My 4f+4h4—55-+9 4t—4" 
MS |! (Shallow water), 2 (S/Mg) M, | F(MS) =2 22a = = F(M,) attar—as 2{—ay 
? MS| (Shallow water) i F(2 MS) =° oy = (F MQ at-+4h—4s are 
2 SM] (Shallow water) | F (a SM) = oas38 = F(M,) at—ah+as —2€+a» 
| Mf | (¢—§ <) sin? "07827 | ‘17430 | o’2ggr1 | AH (Mf) = ee a: 
: °00422*| *o0g29 | o'orsg1 — 0791538 _ - 
MS¢ | mm? (1—] sin? /), (and shallow water) |} (00422"| (00989 | o-o1sert) w(MSf = 2.91538 ah = FM) ah-+as 
Mm | ¢ (1—3 sin? /) "04136 | ‘ogios5 | o°1§595 | F (Mm) = eC s-—p 
Sa | (Chiefly en F(Sa) = unity h 
| Ssa | (@—$# a) 1 sin? @ 03643 | ‘o8o20 | 0'13736 | A (Ssa) = unity 2h 
= Coefficient or theoretical amplitude of any component. e = eccentricity of moon's orbit = 0°0549. 
M, = = Coefficient or theoretical amplitude of the component M3. ¢,; = eccentricity of earth’s orbit =o 0168. 
K, = Coefficient or theoretical amplitude of the component Ki. we = obliquity of the ecliptic = 23° 27'°3. 
mean motion of sun 
m= = 0'07480 = ——"__. 7) _ mass of sun mean dist. of moon ep SEE 
mean motion of moon ‘3 65 7 mass of moon mean dist. of a iceot ean) = 0°46035 = 2°17220 
sin2P 
R is such that tanX = [cot!g/—cosaP' Table 8. Q is such that tan Q = $ tan P; see Table 9. 
_ I F ‘ t. Tabl ‘ 
‘C- tan? 4 /cosa2 ** paecbamiet e= Ga st+1'5cosaP/ ' ace ame 
” is such that tan »’ = sins ae ; see Table 7. ”’ is such that tan 2’ = sin 2» sin? / : see Table 7. 





0° 334811 + cosy sina/’ 0°072634+c0s a» sin? /' 


= inclination of lunar orbit to the plane of the earth’s equator; it varies between w—5° 8’'8 and w+5° 8’'8, i. e. from 18° 18’*5 to 28° 36/°r. 


See Tables 6 and 7 
P= mean longitude of lunar perigee measured from the intersection of moon's orbit with the plane of the earth's equator. See Table 6. 
@ = earth’s radius divided by moon’s mean distance, i. e. the Junar parallax expressed in radians = 0'01659 = oz 
27 : 
eherele | in moon's orbit of the intersection of the lunar orbit with the plane of the earth's equator. See Table 7. 
: = S vk ascension of the intersection of the lunar orbit with the plane of the earth’s equator. See Table 7. 


Fe une semidiurnals have a general coefficient cos? A; the diurpals, sin2 A; those of long period, 4—§ sin?A; and Mg, cos*A. A denotes the 
titude 


: af ad lower of these two figures gives the value when the coefficients in the evection and variation have their full values as derived from 
unar Theory. 


S. Ix. 8, pt. 2—13 
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TABLE 2.—Dependence of component speeds upon certain astronomical quantities (epook 1900). 





hk. : 
Solar day = 24000 0000 = 7% 36, . — 2 X 360 _ 35.666 coo0 
Ss solar day 
Lunar day = 24°841 2024 = 2 X 360, m, = 2_X_360 = 28°984 1042 
m3 lunar day 
T ical day = 23°: 696 — 2X 360. 1 oy 2 2 BOO 2 08 
mOEEaNene 3°934 499 ke : tropical day soars 1ot3 


If ¢ denote the speed of any given component C, then a component whose speed is 


360 
ae 


has with C a synodic period II hours in length. If C be the principal one of the two components, then the effect of the other is 
to introduce an inequality into C of a period equal to Il. The known motions of the moon and sun suggest what tidal inequali. 
ties may exist corresponding to periodic irregularities in the motions of these bodies, or in the motions of the elements of their 
orbits. The following tabulation shows that it is often necessary to use more than one component to account for what may be 
regarded as an irregularity in the principal component : 


| Speed. 

















18 manag: Ss as ~ Soe ee 
Formula. 
oe sees Sy NS ee eee i eG Symbol. 
Val Pe 
Name. (he sires dae): ot aaa 
io — ° ° 

n [ ‘Half synodic month | $( 708°734115 ) h. 300000000 Sq 

3° $( 29°5305881) d. 27°9682084 Le 

+ | |. Half tropical month 4 ( 655°717960 ) h. 30°0821 373 kg 
ax. $(_ 27°3215817) d. 

% Anomalistic month 661°309206 sh. 29°5284789 l, 

It 27°5545503 d. 28°4397295 Ng 

» || Half anomalistic month $ ( 661°309206 ) h. | 

g $+( 27°5545503) d. 27 °8953549 2n 

II Evectional period 763°486534_~—h. 29°4556253 Ae 

My 31°8119389 d. 28°5125831 Ve 
° & [ Half tropical year | } (8765 °812722 )h. | 30°0821373 kg 

lI | | + ( 365°2421968) d. 

as | Tropical year * 8765°812722_—h. 30°0410686 Tg 

| ! 365°2421968 d. 29°9589314 te 

| 

oo f 

8 Half tropical month 4 ( 655°717960 +i 16°1391017 00 
| $(  27°3215817) d. 13°9430356 o 

i. ; | Anomalistic month 661°309206 sh. 155854433 ji 

| 27°5545503 d. 

y Half tropical year } (8765 °812722 )h. | 

; + ( 365:2421968) d. | 14°9589314 | Pi 

om 

° Anomalistic month 661°309206 sh. 

I 27°5545503 d. ! 13'3986609 qu 
¢= 1], | Half evectional period in moon’s parallax 4 (9882°831893 ) h. 29°4556253 As 
c= n $ ( 411°7846622) d. 28°512583! . Ve 





* The tropical year is taken for convenience instead of the anomalistic year (= 8766°2295 h. or 365°25956d.). 


: caer table is based in part upon values given in Harkness’ paper on the solar parallax, App. III, Washington Observations 
or 1885 
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TABLE 3,—Equilibrium arguments (Vo+-u) at the midnight preceding January 1 of each year from 1850 to 1950, for the 
meridian of Greenwich, together with the elements used in computing them. 
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| Component. 1850 1851 | 1852 | 1853 1854 1855 1856 1857 1858 1859 
: Pee ee ee ee ee ee a ae te ee 
Ih 29°66 116-00 204'03 | 307 °53 38:07 129°39 221-21 327 °32 59°40 1§1°25 
K, 3°47 1°64 0°92 | 2°20 3°31 § 03 7°13 10°45 12°78 14°92 
Kg 187°75 183-76 181°83 | 183°99 186-04 189°52 193°95 200°87 205 84 210° 36 
L, 155°79 | 350°62 16148 | 330°94 177°72 26°05 194°57 353°33 204°19 54°37 
[12] 149°54 | 338°59 . 167-84 | 34601 | 175-74 5°69 | 195°78 | 14°65 | 204-84 34°96 
M, 6°83 | 273°54  165°21 50°56 346°93 274°81 170°80 55°36 347 °23 281°70 
| 
[Mi] 330°16 | 239°05 , 149°63 49°56 | 32266 | 236°54 | 150-91 53°45 | 328-08 242°49 
M, 299°79 401! 140°64 | 217°03 31804 59°26 160°63 237°71 339°18 80°58 
Mg 26969 240°17 210'96 145°54 1170S 88°89 60°95 356°57 328°78 30086 
M, 239°58 80°22 281°28 74°06 276°07 118°52 321°26 115°43 318°37 I61°15 
Me 179°38 | 120°34 61°93 | 291708 | 234°11 | 177°77 | 121°89 | 35314 | 297°55 241°73 
Ms L1Q‘I7 160°45 202°57 148°11 192'14 | 237°03 | 282°52 | 230°86 | 270°74 322°30 
Ne 270°04 | 281°64 293°45 268:05 280°33 292°83 | 305°48 | 280°78 293°52 306'19 
2N 240°29 163°17 86°25 31906 242°63 166°40 90°33 32384 247 86 171 °81 
O1 | 29988 42°59 | 143°81 | 218-48 | 317-67 56°29 | 154°57 | 227°33 | 325°45 63°71 
OO 239°95 | 132°46 29°85 | 318-61 | 223°07 | 129°63 37°54 | 333°44 | 242°03 150°04 
P, 349°79 | 349°94 |.350°18 | 349°43 | 349°67 | 349°91 | 350°15 | 349740 | 349°64 349°88 
Q: 270°13 28411 296°62 269°50 279°96 28987 29942 270°39 279°79 289 32 
Ry 359°93 | 359°67 35042 O15 | 359°89 | 359°63 | 359°38 O'lr | 359°85 359°60 
Ss 18000 ! 180°00 | 180-00 | 180°00 | 180-00 | 180-00 | 180-00 | 180:00 | 180-00 180°00 
Bedi 0:00 0°00 0°00 0:00 0:00 0:00 0:00 0°00 0°00 0°00 
| . 
T; 0:07 0°33 0°58 359°85 Orr 0°37 0°62 | 359°89 O's 0°40 
As 148°79 | 59°63 | 330°69 | 22892 | 140°45 52°19 | 324°09 | 223°02 | 135:01 46°93 
Ls 24104 82°12 28 3°40 76°16 | 277°92 119°89 | 322°02 115°47 317°70 159°84 
Ve 270°79 | 200°59 1 30°60 25°14 | 315°62 | 246°32 17717 72°41 3°36 294°22 
MK 30326 | 40°75 | 14056 | 219°23 | 321-35 64°29 | 167°77 | 24816 | 351-96 95°49 
2MK 236'12 78°59 | 280°37 71°86 | 272°76 113°49 | 314°13 104°98 | 305°59 146°23 
| 
MN 209°83 | 321°75 74°09 | 125°07 | 238°37 | 35209 | To61r | 158-49 | 272°71 26°77 
MS 299°79 40'l! 140'64 | 217°03 318°04 59°26 160°63 237°71 339'18 80°58 
2Ms 239°58 | 80°22 281°28 74°06 276'07 118°52 321°26 115°43 318° 37 1611S 
2SM 60:21 | 319°89 | 219°36 | 142°97 41°96 | 300°74 | 199°37 | 12229 20 82 | 279°42 
Mf 240°03 134°94 33°02 320°06 222°70 126°67 31°48 323°06 228°29 | 133°17 
MSf 60°21 31989 219°36 142°97 41:96 | 300°74 199°37 122°20 20°82 | 279'42 
Mm 29°75 : 118°47 207'20 | 308:98 37°71 126'43 215°15 316-94 45°66 1 34°38 
Sa 280°30 | 280°:06 | 279°82 280°57 280°33 280°09 279°85 280-60 280° 36 280°12 
Ssa 200°60 | 200°12 | 199°64 201'13 200°66 200'18 199°70 | 201°20 200°72 200°24 
Elements. Values at Greenwich, midnight beginning each year. 
h 280°30 | 280-06 279°82 280°57 280°33 28009 279°85 280°60 280° 36 280°12 
5 129°67 | 259°06 28°44 17100 300 '39 69°77 199°16 341°72 1II‘Io 240°49 
p 99°92 ; 140°58 181°25 222°02 262°68 303 °35 344'0! 24°78 65°44 106'11 
Values at the middle of each year, or for July 2 at Greenwich mean noon for common years, and at preceding 
midnight for leap years. 
pi 280°37 | 280°39 280°40 | 280°42 : 280°44 280°46 280°47 280°49 280°51 280°'52 
P 110°60 , 149°33 189'70 | 231°38 27 3°98 317°24 0:93 44°92 , 88-82 132'°53 
NV 1 36°54 hy RTS 97°35 75°50 ! 59°17 39°84 20°49 1°13 34181 322°48 
I 20°02 21°57 | 23°28 : 24°97 26'44 27°59 28°33 28:60 28°39 | 27°71 
Q 126°93 16348 184°89 | 212°04 27791 33519 0°49 26°51 87°63 I§t-4! 
R 383°84 | 347°96 6°36 | 15°08 35802 339°64 1°21 21°32 0°66 345°41 
é 9°65 | 11°59 11°93 10°97 9°04 6°44 342 | (079 356:96 | 353°91 
v 10°39 12°54 12-99 12°02 9°96 7°13 3°79 O21 | 356-62 353°25 
v' 6°83 8-42 | 8-90 8-37 7°02 5°06 2°72 O15 | 357°58 | 355°20 
2v// | 12°85 | 16°36 | 17°81 17°14 14°62 10°67 5°75 0°32 354°38 | He 349°88 
, | 


In making analyses or predictions it is not desirable to modify the values of V,-+# as here given either on account of the 


longitude of the station or the longitude of the time meridian. Such alteration should be made once for all in the epoch (C») of 




















the particular component (C) as will adapt it to the tabular V, + z. 
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TABLE 3.—Egquilibrium arguments (Vo-+-u) at the midnight preceding January 1 of each year, from 1850 to 1950, for the 
meridian of Greenwich, together with the elements used in computing them—Continued. 


Component. 1860 1861 3862 1863 1864 1865 1866 3867 1868 1869 


c°] ° ie] ° ° ° ° ° 
if 242°65 | 347°35 | 76°95 | 16517 | ast'71 | 350'55 | 74°00 157°03 | 240°76 | 340°06 
K, 16°70 18:88 19°28 18°69 16:99 15°22 1m‘7I 7°97 4°62 3:11 
K, 213°98 | 218-19 | 21862 | 216°95 | 213:19 | 209°68 | 203°16 | 196°37 19005 186°95 

22900 26:04 | 228-97 72°20 | 259°39 62°53 | 249°41 86-02 283:89 100°40 
[1L.] 224°92 43°36 | 232°88 62°16 | 2§1°23 68-81 | 257°60 86°37 | 27518 92°79 
(M,] 156-44 | 57°57 | 329°72 | 240°49 | 149°59 | 44°86 | 310°86 | 216°44 | 122°73 18-46 
M, 18182 258°47 359°27 99°83 200°17 275°96 16:03 116°07 216°16 291°99 
M3 272°72 | 207°70 | 17890 | 149°74 | 120°25 53°94 | 24°05 | 354°11 | 324°25 257°99 
M, 3°63 | 1§6°94 | 358°53 | 199°65 | 40°33 | I91°92 | 32°06 | 23215 | 72°33 | 223°99 
M, 185-45 55°40 | 357°80 | 299°48 | 240°50 | 107°88 48:10 | 34822 | 288-49 155°98 
Ms 7°26 | 313°87 | 357°06 | 39°30 | 80°66 | 23:84 | 64:13 | 104:30 | 144°66 87-98 
Ng 318-71 293°58 | 305°65 | 317°49 | 329°11 | 303°IT | 314°46 


325°78 | 337°15 31119 
98°14 


M, 178-86 61:04 | 340°98 | 280°05 | 179-71 56°79 | 311°75 | 235°51 | 162°59 47°19 
330°39 


2N 95°61 | 328°68 | 252:04 | 17515 | 98:05 | 330°27 | 252-89 
oO 162:27 | 236°01 | 335°93 | 77°00 | 179°52 | 258:25 3°60 | 109°34 | 214-42 | 292°74 
OO 56°81 348-91 250°74 148°66 40°77 317°16 | 201°26 84°13 329°07 245'78 
P 350°12 | 349°37 | 349°61 | 349°85 | 350°09 | 349°34 | 349°58 | 349°82 | 350-06 349°3! 
Q 299°17 | 27112 | 282°32 | 294°66 | 308:46 | 285-41 302°03 | 319°05 | 335°40 311°93 
Re 359°34 0°07 | 359°82 | 359°56 | 359°30 0°03 | 359°78 | 359°52 | 359°27 359°99 
Si,s 180°00 180:00 | 180-00 | 18000 180°:00 | 180-00 180°00 {| 180°:00 | 180-00 180-00 
Say 4) 6 0°00 , 0°00 0°00 0:00 0°00 0°00 0:00 0-00 0°00 0°00 
Ts 0°66 | 359°93 0'18 0°44 o'70 | 359°97 0°22 0°48 0°73 ool 
Ag 31869 | 217°19 128°51 39°59 | 310°46 | 208-10 118°69 29°26 | 299°87 197°55 
Hs 1°83 154°86 | 356-41 197°72 38°81 190°98 31°80 | 232-60 73°44 225 °64 
Ys 224'94 | 119°75 50-02 | 340°06 | 269°87 | 163-82 93°37 22°89 | 312°45 206°44 
MK 198°51 277°35 18°54 118°51 217°15 29118 27°74 12404 | 220°78 29510 
2MK 346°93 138:06 | 339°25 180°96 23°34 176°70 20°36 | 224'18 67°71 220°88 
MN 140°53 192°04 | 304°92 57°31 169°27 | 219°07 | 330°49 81-86 | 193°31 243°19 
MS 181-82 258°47 359°27 99°83 200°17 27596 16°03 116°07 216'16 291°99 
































2 MS 3°63 | 156°94 | 35853 | 199°65 | 40°33 | 19192 | 32°06 | 232°15 72°33 | 223°99 
25M 17818 | 101°53 0°73 | 26017 | 159°83 84°04 | 343°97 | 243°93 | 143°84 68-o1 
Mf 37°27 | 32645 | 227°40 | 125°83 | 21°13 | 299°45 | 188°83 | 77°40 | 327°33 | 246°52 
MS: 178°18 101'53 0°73 260°17 1§9°83 84°04 343°97 243°93 143°84 68-01 
Mm 22311 324°C) 53°61 142°34 23106 332°85 61°57 1§0°29 23901 ~ 340°80 
Sa 279°88 | 280°63 280°39 | 280°15 27991 280°66 | 280-42 280°18 | 279°94 280°69 
Ssa 199°76 | 201°26 | 200°78 | 200°30 | 199°83 | 201°32 | 200°84 | 200°37 199°89 201° 38 
Elements. Values at Greenwich, midnight beginning each year. 
h 279°88 | 280°63 280°39 | 280°15 27991 280°66 | 280-42 280'18 279'94 280°69 
S 9°87 152°43 28182 §1°21 180°59 323715 92°54 221°92 35131 133°87 
p 146°77. | 187°54 | 228-21 | 268-87 | 309°53 | 350°3! 30°97 71°63 | 112-29 15 3°07 
Values at the middle of each year, or for July 2, at Greenwich mean noon for common years and at preced- 
ing midnight for leap years. 
Di 280°54 280°56 280°57 280°59 28061 280'63 280°64 280°66 28068 280°69 
P 175°9! 21866 | 260°42 | 3009! 339°89 17°21 53°18 88°74 ! 12504 162°79 
N 303°12 283°77 264°44 245°11 225°76 20640 187°07 167'75 | 148°39 129°03 
v4 26:60 25°15 23°49 21°77 20°19 18°98 18°36 18-46 19°25 20°58 
Q 177°95 | 201°80 | 251°35 | 320713 | 349°62 8-81 | 33°73 | 87°48 | 14451 | I7T 19 
R 35592 17°32 391 | 349°96 | 351°83 6°27 8-19 0°34 | 351°29 352°39 
E 351°24 349°'21 34812 348'29 350°03 353°43 35812 3°22 ) 7°64 10°61 
v 350°34 | 348°17 | 347°06 | 347°32 | 349°27 | 352°95 | 357°99 3°45 8-20 11-43 
v/ 353°'9 | 35175 | 35rcn | 35146 | 352°92 | 355°44 | 358-71 2°21 5°33 7°58 


id 345°78 — 343°07 | 34216 | 343°35 | 346°04 35164 | 357°68 4°30 9°84 443 
| 1 
From 362 we have for the modified epoch ((@°) 
G@=O+15pL—cs 


where 7 is to be put equal 1, 2, . . . according as C is diurnal, semidiurnal, e'c.: ¢ is the hourly s of C; Z, S denote 
the west longitude in hours of the station and of the time meridian used. The values of Z and S should always accompany the 
work of analysis or prediction, thus enabling one to pass from (* to (> or C> to @o as the case may be. 





TABLK 3.—Equélibrium arguments (Vo-+-u) at the midnight preceding January 1 of cach year, from 1850 to 1950, for the 


Component. 


Elements. 


h 
5 
A 


Ai 
P 
N 
I 
Q 
R 
§ 
v 
p/ 





If the first day of the series to be analyzed be other than January 1, the change in the V, + «# as here tabulated is obtained 


from Tables 4, 6, 7,8, andg. In the case of prediction, only Table 4 is required, because s may be regarded as constant for any 








REPORT FOR 1894—PART II. 197 


moridian of (rreenivich, together with the elements used in computing them—Continued. 




















1870 | 1871 1872 1873 | 1874 ! 1875 1876 1877 | 1878 1879 
Pee ee Ss eee ae Z a es ; 

195 °03 
1°71 1°4! 2°04 4°40 6°29 8°SI 10°86 14°12 16°55 17°73 
183°73 182°64 183°58 | 188-21 19212 | 196°81 201°81 208°64 | 212°86 216-00 
270°9§ |; 100°60 | 307°85 | 139°35 | 296°92 | 121°83 | 334°74 | 170°64 | 331°40 151°77 
281'92 111°26 300°85 119°34 | 309°36 139°50 | 329°70 148°55 33861 168-50 
297°71 | 201°00 | 145-32 47°99 | 301'76 | 202-48 | 145-46 55°40 | 30999 207 °85 


288°03 199‘20 


| 
| 
° ° ° | ° ° ° ° 
67°07 155°69 | 245°61 | 350°54 82°08 | 174°02 | 266-11 12°19 | 103°89 
287°13 201 °62 116°27 18°77 293'03 206°72 
32°39 | 133°02 §1°88 | 153°30 | 254°77 | 331°84 | 73°18 174°35 
228°59 199°52 170°81 105 ‘88 77°82 49°95 22°16 317°76 289'77 261°52 
64°79 | 266°03 107°75 26118 103°76 306-60 149°55 303°68 146-36 348-70 
97°18 | 39-05 | 341-63 | 211-76 | 155°63 | “99-90 | 44°32 | 275°53 | 219°55 163°04 
129°58 , 172°06 | 21550 162°35 207°5! 253°20 | 299°10 | 247°37 | 292°73 337°39 
322°87 | 33477 | 346°91 | 321°83 | 334°40 | 347710 | 359°85 | 335°13 | 347°75 o'19 
253°35 | 176°52 99°94 | 333°08 | 25692 | 180°90 | 104°9 338°42 | 262-32 18604 
34°84 | 135°57 | 235°24 | 308-80 | 47°27 | 145:48 | 243°5 316°37 | 54°72 153°47 
140°26 | 39°33 302-04 | 234°76 141°93 50°16 | 318°80 | 254°59 162°20 68-28 
349°55 | 349°79 | 350°03 | 349°28 | 349°52 | 349°75 | 349°99 | 349°25 | 349°49 | 349°73 
325°32 | 337°32 | 348°27 | 320°05 | 329°80 | 339°28 | 348°66 | 319°65 | 329°29 | 339°32 
359°'74 |. 359°49 | 359°23 | 359°96 | 359°70 | 359°45 | 359°19 | 359°92 | 359°67 359°41 
180-00 180-00 180°00 180-00 180°00 180-00 180°00 180-00 180:00 180-00 
0°00 0-00 0°00 0:00 0°00 0-00 0°00 0°00 0°00 0°00 
0°26 | Osi | o'77 0°04 0°30 0°55 0-81 0:08 0°33 0°59 
108°47 19°62 291°0O 189-56 10137 13°32 285 °32 184°23 96:09 7°78 
66°79 268°17 109°78 262°86 104°9! 307 °08 149°31 302°75 144°84 346°76 
1 36°32 66:42 356°75 2§1°62 182°39 113°28 44°23 299°46 230°27 160°91 
34°11 | 134742 | 235-92 | 314°99 58-17 | 161-81 | 265°63 | 345°97 89°33 192°07 
63:07 264°62 105°71 256°78 97°46 298-09 138°69 289°56 130°21 330°97 
355°27 | 107°79 | 220°78 | 272°42 26:28 | 140°40 | 254°63 | 306°97 60°93 174°54 
32°39 | 133702 | 23388 | 310°59 | 51°88 | 153730 | 254°77 | 331°84 73°18 174°35 
64°79 266:03 . 107°75 26118 103°76 306-60 149°55 303°68 146°36 348-70 
32761 226'98 126°12 49°41 308-12 ! 206°70 10523 28°16 286-82 185 °65 
142-71 41°88 | 303-40 | 23298 | 137°33 42°34 | 307°61 | 23Q°1K | 143°74 47°41 
32761 226'98 12612, 49°41 308-12 206°70 105 °23 28:16 | 286-82 185 °65 
69°52 | 158-25 | 246-97 34875 | 77°48 | 166-20 | 254°92 | 356-71 | 85-43 | 17415 
280°45 280°21 279'97 280°72 | 280°48 | 280°25 280°01 280°75 280°51 280°27 
200°90 | 200°43 199°95 | 201°44 | 200°97 200°49 | 200-01 201°50 | 201°03 200°55 
Values at Greenwich, midnight beginning each year. 
280°45 | 280-21 279'97 | 280°72 | 280°48 | 280°25 280°0I 280°75 | 280°51 280°27 
263°25 32°64 | 162°02 | 304°58 73°97 | 203°35 | 332°74 | 115-30 | 244°68 14°07 
193'73 | 23439 | 275°05 | 315°83 | 35649 | 37°15 77°81 | 118°59 | 159°25 199°91 





























Values at the middle of each year, or for July 2, at Greenwich mean noon for common years and at preced- 
ing midnight for leap years. 


280°71 280°73 280°75 280°76 | 280°78 280°80 280°81 280°83 280°85 280°87 
202°16 24 3°03 285°12 328°07 11°52 55°30 99°27 14318 186°77 229°88 
109°71 go°38 | 71°03 51°67 32°34 13°01 | 353°66 | 334°30 | 314°97 295 °65 





\ 
22°22 23°95 25°57 26°93 | 27°93 28°49 28°57 28°18 27°32 26°07 
191°51 224'49 | 298°38 | 342°69 5°82 35°83 108:07 159°48 183°40 210°68 


10°97 10°66 | 353°00 | 339°99 12°44 17°67 | 354°95 | 337°91 7°22 16°73 
11-90 11°70 10°32 8-09 5 2 2°18 | 35893 | 355°74 | 352°81 350°37 
12°90 12°77 11-33 | . 8°94 5°88 2°43 | 358°81 | 355°27 | 352°05 349°40 

8°74 8-81 7°93 6°32 4°19. 174 | 359°15 | 356°63 | 354°37 352°55 


17°18 17°79 16°36 13°23 8°85 3°68 358°20 352°87 348°16 344°55 





fraction of a year. 
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TaBLE 3.—Equilibrium arguments (PF. + u) at the midnight preceding January 1 of each vear, from 1850 to 1950, for the 
meridian of Greenwich, together with the elements used in computing them—Continued. 


Component. 1880 1881 1882 | 188 3 1884 1885 1836 1887 
I 











: 1888 | 1859 
\ 
° co] ° ° ° ° | ° ° ° ° 
ji 285 °32 | 23°47 116°06 | 20192 | 286°12 23°31 106°49 190°75 276°68 18°39 
K, 18°64 | 19°66 18°65 16°53 | 13°43 10°74 7°07 40! 1°94 1°90 
K, 217°59 219'20 216°70 212-21 206'24 201°48 194°79 188-87 184°45 184°02 
L, 359°19 (89°85 8:80 184°51 17°70 204°53 38°89 : 219°81 35°38 219°58 
[1-2] 35817 | 176°28 5°47 -194°47 23°31 | 200°77 29°54 | 21840 | 47°40 225°28 
M, 142°24 | 58°16 | 312°82 | 203°44 108°15 3114 301°37 | 192°56 83°72 344°54 
[M,] 11y°56 19'14 289'29 197°71 104°45 358'07 263°80 170°62 79°11 337°25 
M, 275'29 35162 92°08 192°36 292.48 8°15 108-20 208 ° 33 30861 24°71 
M; 232°94 167°42 138°13 108°54 78°72 12°22 342°30 312°50 282°91 217°06 
| 
M, 190°5S 343°23 184°17 24°72 224°96 16°30 216°40 5°:°67 257°22 49°42 | 
M, 105 88 334°85 276°25 217°O7 157-44 24°44 324°61 265 00 205 83 72°12 
Ma 21°17 | 326-46 8°34 49°43 89°92 32°59 72°81 | 13°34 | 154°44 98°83 
No 12°41 346'95 | 358°70 10°25 21°65 355°53 6°80 18°27 29°82 4°13 
2N 109°54 342°29 265 °31 188-14 110°82 342°91 265°52 188-21 111-04 343°56 
O; 252°85 327°81 69°41 172°54 277°19 357°46 103°06 207 °65 310°72 26°89 
OO 332°03 | 25980 | 155°95 47°08 | 293°37 | 203-93 87°25 | 333°72 | 225°07 148-75 | 
P, 349°96 | 349°22 | 349°46 | 349°69 | 349°93 | 349°19 | 349°43 | 349°66 | 349°90 349°16 
Q: 349°97 | 323°15 | 336°02 | 350°43 6°36 | 344°84 1°72 17°59 31°93 6-31 | 
Ri 35915 | 359°88 | 359°63 | 359°37 | 359711 | 359°84 | 359°59 | 359°33 | 359°08 359°81 | 
Si, 3 180°00 180-00 180.00 180°00 180°00 180°00 180.00 180‘00 180-CO 180-00 
Sa, 46 0:00 0°00 0:00 0°00 0'00 0:00 0°00 0'00 0'00 0°00 
Ty 0°85 O'12 0°37 0°63 0:89 0°16 o'4! 0°67 0°92 O'lg 
Ag 279°25 | 177742 88-41 | 359.21 | 269°85 | 167-37 77°94 | 348°60 | 259°40 157°34 
pe 188°46 | 341°15 182-37 23°40 | 224°27 16°31 217'12 58°00 | 259°03 51°50 
Ve 91°33 | 345°82 275°76 | 205°5! 135‘11 28:93 | 318-46 248°07 177°82 72°08 | 
MK 293'93 11°28 110.73 208-89 30591 18°88 115°28 212°34 310°S5 26°67 
2MK 171°95 323°57 165°52 818 | 211°53 5°56 209 '33 52°66 | 255°28 47°46 
MN 287°71 338°57 90°78 202°61 314°13 3°68 115-06 226°60 33843 28°84 | 
MS 275°29 35162 92°08 192°36 292°48 8°15 108°20 208 *33 30861 24°71 
2MS 190°58 343°23 184°17 24°72 | 224'96 16°30 ' 216740 56°67 | 257°22 49°42 
| | | 
2SM 84°71 8°38 267 °y2 167°64 | 67°52 35185. 25150 1§1°67 | 51°39 335°29 
Mf 309°59 | 236°00 | 133'27 27°27 | 278-09 | 193°23 82°09 | 333°04  227°17 150°93 
MSf 84°71 8°38 267°92 167-64 67°52 35185 251 °80 151°67 | 51°39 335°29 
Mm 262°88 4°66 93°39 182-11 270'83 12°62 101°34 | 190°06 , 278°79 20°57 | 
Sa 280:04 | 280°78 | 280°54 280°31 280'07 280°81 280°57 280°34 280°10 28084 
Ssa 200°07 201°57 201 ‘09 200°61 200°13 201 °63 201°15 200°67 200°20 201.69 |: 
Elements. Values at Greenwich, midnight beginning each year. 
h 280°04 | 280°78 | 280°54 | 280°31 | 280°07 | 280°81 | 280°57 | 280°34 | 280-10 280°84 
5 143°45 | 286-01 | 55°40 | 184°79 | 314°17 | 96°73 | 226:12 | 355°50 | 12489 267°45 
i 240°58 | 281°35 | 322-01 2°68 43°34 84°11 124'77 | 165°44 | 206-10 246:87 


























Values at the middle of each year, or for July 2, at Greenwich mean noon for common years, and at preced- 
ing midnight for leap years. | 





pi 280'88 | 280°90 { 280'92 | 280°93 | 280°95 | 280°97 | 280°99 | 281°00 |! 281-02 281-04 | 
P 272°30 | 313°67 353°58 31°86 68-60 104°33 | 140°03 176°79 , 21§°19 25522 
N 276-29 256°94 237°61 218-28 198°93 179°57 160°24 140'9!1 | 121°56 02°21 | 
| 
I . 24°53 22°82 21°12 19°66 18°66 | 18°31 | 18:69 19°71 | 24'Ig 22°89 | 
Q 274°60 | 332°35 | 356°78 17°26 5r-gt | 117°06 | 1§7°27 | 178°39 ; 199°42 242°19 
R 358-98 | 346°43 | 356°67 9°96 , §°61 | 356°24 350°65 | 35858 | 12°01 5°71 
§ 348°66 | 348-02 | 348-77 | 35115 | 355°13 oll 5°07 8°98 11°30 11°98 | 
v 347°60 | 346-98 | 347°87 | 350°49 | 354°78 o'12 5°43 9°65 12°21 13°03 | 
v’ 35140 | 35112 | 351-89 | 353°77 | 356°64 | “08 3°50 6°33 | 816 8:89 
2 6°36 11°80 ! 15°74 17°67 | 


342°48 | 342°37 | 344°39 | 348-40 353°90 | Or14 
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TABLE 3.—Equilibrium arguments (V. -+- «) at the midnight preceding January 1 of each year, from 1850 to 1950, for the 
idian of Greenwich, together with the elements used in computing them—Continued. 





Component. 1890 | 1891 | 1892 1893 1894 1895 1896 1897 1898 1899 
ji 107°55 19788 289°05 34°83 126°86 218°95 310°88 56°45 147°29 237°16 
K, 2°04 2°98 4°58 7°61 9°90 12°24 14°45 17°31! 18°65 19°25 
Ke 18 3°75 18540 188-60 194°35 199°71 204°70 | 209°37 215 °'21 217°80 218°67 
65°75 260:29 55°86 | 240°32 93°98 | 295°30 86°65 268-40 118°43 317'10 
(Ls) 54°72 | 244°40 74°29 | 253°04 83°22 | 27342 | 103°56 | 282°25 112°05 301 63 
M, 287°73 | 192°32 85:29 | 340°37 | 288°59 | 199°79 93°36 | 344°85 | 289°57 205 07 
[Mi] 248°96 | 161°84 75°57 | 337°77 | 252°35 | 167°00 81-48 | 343°48 | 256°88 169 °30 
M, 125°42 | 226°38 | 327°55 44°52 | 145°97 | 247°45 | 348-86 65°76 | 166-84 267°70 
M, 188°14 | 159°57 | 131°33 | 66°77 38°95 IIIT | 343°29 | 278-64 | 250°26 221°55 
M, 250°85 | 92:76 | 29510 | 89°03 | 291'94 | 134°89 | 337°72 | 131°52 | 333°68 175 "40 
Me 16°27 | 319°14 | 262°66 | 133°55 77°91 22°34 | 326°58 | 197°29 | 140°53 83°09 
M, 141°70 185°52 | 230°21 178:06 | 223°88 | 269°78 | 315°44 | 263°05 307 °37 350°79 
N, 16°13 28°36 40°81 15°99 28°72 41°47 54°16 29°28 41°64 53°77 
2N 266°83 | 190°34 | 114°07 | 347°46 | 271°47 | 195°50 | 119°47 | 35280 | 276-43 199°84 
Or 12717 | 226°52 | 325:24 | 38°21 | 136°37 | 234°47 | 332°68 | 45-80 | 144°76 244°47 
OO 49°35 | 313°21 | 219°38 | 154°39 62°85 | 331°47 | 239°68 | 174714 79°41 341°99 
P, 349°39 | 349°63 | 349°87 | 349713 | 349°36 | 349°60 | 349°84 | 349°09 | 349°33 349°57 
Qi 17°87 28°50 38°50 9°69 IQ'It 28°50 37°98 | - 9°31 19°55 30°54 
Rg 359°55 | 359°30 | 359°04 | 359°77 | 359°51 | 359°26 | 359°00 | 359°73 | 359°48 359°22 
Sis s 180°00 | 180°00 | 180°00 180°00 180-00 180°00 | 180°00 | 180-00 180°00 180-00 
Sy, 4) 6 0°00 0°00 0°00 0°00 0°00 0°00 0°00 0°00 0°00 0:00 
Ts 0°45 0°70 0°96 0°23 _ 0°49 0°74 1°00 0'27 0°52 0'78 
As 68°58 | 340°06 | 251°76 | 150°56 62°54 | 334°54 | 246-48 | 145°23 56°83 328-21 
a 252°97 94°68 | 296°60 | 89°94 | 292°15 | 134°38 | 336°54 | 129°82 | 331-65 173°26 
vg 2°27 | 292°70 | 223°35 | 118-47 49°40 | 340°35 | 271°24 | 166-30 | 96°85 27°19 
MK 127°46 | 229°36 | 332°13 §2°13 1§5°87 259°68 3°31 83°07 185°50 286'95 
2MK 248°81 89°78 | 290°53 81°42 | 282°04 122°65 | 323°27 114‘21 315 03 156°14 
MN 141'55 | 254°74 8-36 6o's0 | 174°69 | 288-92 43°02 95°04 | 20848 32°47 
MS 125°42 | 226°38 | 327°55 44°52 | 145°97 | 247°45 | 348°86 | 65°76 | 166-84 267 °70 
2MS 250°85 92°76 | 295'10 89°03 | 291°94 | 134°89 | 337°72 | 131°52 | 333°68 175°40 
2SM 23458 133°62 32°45 315°48 | 214°03 112°55 Int4 | 294°24 193°16 92°30 
Mf 51°09 | 313°34 | 217°07 | 148-09 §3°24 | 31850 | 22350 | 154°17 57°33 318-76 
MSf 234°58 133°62 32°45 315°48 214°03 112°55 II‘l4 | 294°24 193°16 92°30 
Mm 109'30 198-02 286°74 28°53 117°25 205'97 294°70 36°48 125°21 213'93 
Sa 280°61 280°37 280°13 280°87 280°64 280°40 | 280°16 | 280-91 280-67 280°43 
Ssa 201°21 200'74 | 200°26 201°75 20127 200°80 | 200°32 20182 201°33 200°86 

Elements. Values at Greenwich, midnight beginning each year. 

h 280°61 | 280°37 | 280°:13 | 280°87 | 280°64 | 280°40 | 280°16 | 280'91 | 280°67 280°43 
s 36°83 | 166°22 | 29560 78:16 | 207°55 | 336°93 | 106°32 | 248-88 18-26 147°65 
6 287°54 | 328-20 8-86 49°63 g0°30 | 130°96 | 171°62 | 252-40 | 253:06 293°72 





























Values at the middle of each year, or for July 2, at Greenwich mean noon for common years, and at preced- 
ing midnight for leap years. 


p 281°05 281°'07 281-09 281-11 281-12 281°14 | 281°16 281°17 281°19 281-21 
P 296°58 | 338°99 22°18 65°85 | 109°70 | 153°61 | 197°44 | 240°93 | 283-79 325°79 
N 82°88 63°55 44°19 24°84 5°51 346°18 | 326°83 | 307°47 | 28815 268-82 
I 24°60 26°13 27°37 28-20 28°58 28°48 27°90 26°88 25°50 23°88 
Q 31502 349 ‘13 11°52 48°11 125°61 166:07 188-93 221°97 296°15 341°22 
R 348°97 | 344°10 18°44 12°73 | 349°24 | 33812 16°90 13°84 | 353°62 344°53 
§ 11-29 9°55 7°07 4°12 0°93 | 357°68 | 35457 | 351-79 | 349°60 348°27 
v 12°35 10°51 7°82 4357 1°03 | 357°43 | 353°98 | 350°94 | 348°58 347 °20 
v! 8°57 7°39 5°55 3°26 O74 | 35816 | 355°71 | 353°59 | 352°01 35118 
2y// 1-66 6°91 1°57 | 356°10 | 350°95 | 346°60 | 343°54 342°19 


17°47 15°33 It: 
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TABLE 3.—Equilibrium arguments (V. + u) at the midnight preceding January 1 of each year, from 18650 to 1950, for the 
meridian of Greenwich, together with the elements used in computing them—Continued. 





Component. 


K, 


K, 


Elements. 
& 


§ 


h 


SSE RON Sys 


N 
~ 


Values 


281°23 
6°59 
249°49 


22°15 
3°31 
3°87 
34812 
347°13 
35029 





























1901 1902 1903 1904 1905 1906 1907 1908 1909 
Pee ee se i io in ate meses ot ° ° 
§2°66 | 137°84 | 221°53 | 304°55 42°08 | 12695 | 213°56 | 301°84 45°54 
17°46 14°93 51-56 7°81 5°30 2°59 0°93 C°39 C81 
214°18 | 209°05 202°71 19590 191°37 185°96 182°27 180°69 183°17 
309°02 | 147°KT | 345°00 | 174712 | 339°64 | 162°47 1:20 ; 204°78 17°54 
320°07 | 149°00 | 337°81 | 166°58 | 344°05 | 172°95 2°03 | 91°32 9°53 
351°64 | 271°67 203 °30 101°59 | 338°t1 232°12 158-08 go's9 33618 
349°91 | 2§7°65 | 163-90 69°47 | 323°42 | 230°85 | 140°02 50°85 310°97 
108°70 | 208'90 | 309'00 49°04 124°72 | 224°90 | 325:26 65 83 | 142°25 
163°04 | 133°35 | 103°49 73°55 7°09 | 337°36 | 307°89 | 278-74 21 3°37 
217°39 57°80 | 257-99 98°07 | 249°45 89°81 | 290°52 | 131°65 284°50 
326:09 | 266-71 | 20699 | 147711 14°17 | 314°71 | 255°77 | 197°48 66°74 
74°78 11561 155°98 196°14 138:90 | 17942 |! 221°03 | 263°30 20899 
77°32 88-81 100'18 | I1I°50 85:40 96°85 | 108°49 | 120°33 94°97 
45°95 | 328°71 | 2§1°36 | 173°96 | 46°07 | 328-81 | 251°72 | 174°84 47°69 
87°41 191°16 | 296°28 42°03 121'97 | 226-01 32847 69°48 143°99 
135°15 24°33 | 269°15 | 151-99 63°53 | 311°79 | 205°11 | 10320 32°52 
350°0§ | 350°29 | 350°53 | 350°76 | 350°02 | 350°26 | 350°49 | 350°73 349°99 
56:04 71-06 87°46 | 104-49 82°65 97°96 | 111°70 | 123°99 96°71 
358°71 | 35845 | 358:20 | 357°94 | 358°67 | 358-41 | 35816 | 357-90 358°63 
180°00 180°00 180:00 180-00 180°00 180-00 180-00 180-00 180-00 
0°00 0°00 0:00 0°00 0:00 0:00 0:00 0:00 0°00 
1°29 1°55 1°80 2:06 1°33 1°59 1°84 2°10 1°37 
150°26 60°99 351 61 242°17 139°70 §0°4! 321° 9 232°38 130°64 
215°76 56°72 257°57 98°36 | 250°42 91°35 292'46 1 33°78 286°57 
247°13, | 176-81 | 106-39 35°90 | 289°75 | 219-40 | 149°23 79°27 -333°85 
126°16 223°83 320°55 56°84 1 30°02 227°49 326'19 66:21 144°06 
199°93 42°87 246°44 go'26 244°15 87°22 289'58 131°27 282°69 
186°02 | 297-71 49°17 160°53 | 210°12 | 321°76 73°75 186°16 237°21 
10870 | 20890 | 309:00 49°04 124°72 224°90 | 325°26 65°83 142°25 
217°39 57°80 | 257°99 98°07 | 249°45 89°81 | 290°52 | 131°65 284-50 
251°30 I§t‘1O 51°00 | 310°96 | 235:28 135°10 34°74 294°17 217°75 
113°87 A:59 | 256°44 144°98 60°78 312°89 208 32 106°86 34°26 
25130 | 510 51°00 | 310°96 | 235°28 | 135-10 34°74 | 294°17 217°75 
31°37. | 120-09 | 208-82 | 297°54 39°33 | 12805 | 216°77 | 305-49 47°28 
279°95 | 279°71 | 279°47 | 279°24 | 279°98 | 279°74 | 279°51 | 279°27 280-01 
199°90 | 199°42 | 19895 | 19847 | 199°96 | 199°49 | I9g01 | 198°53 200°03 
Values at Greenwich, midnight beginning each year. 
279°95 | 279°71 | 279°47 | 279°24 | 279°98 | 279°74 | 279°51 | 279°27 280'01 
46°42 | 17580 | 30519 | 74°57 | 217°13 | 346°52 | 115°90 | 245°29 27°85 
15°05 | 55°71 | 96°37 | 137°03 | 177°81 | 218°47 | 259713 | 299-80 340°57 
at the middle of each year, or for July 2, at Greenwich mean noon for common years, and at preced- 
ing midnight for leap years. 

281°24 | 281°26 | 281°28 | 281-29 | 281°31 281°33 | 281°35 281°36 281°38 
45°89 | 83°53 | 119°73 | 155°34 | 191°39 | 228°73 | 267°72 | 308-32 350°18 
230°16 | 210°83 | 91-51 | 172715 | 1§2°80 | 133°47 | 11414 | 94°79 75°43 
20°52 19‘21 18°44 18°37 19‘O1 20°24 21°83 23°56 25°22 
27°29. | 77°22 | 138-80 | 167°07 | 185°75 | 209°67 | 265°45 | 327-68 35506 
11°05 1:89 | 352°82 | 352°45 4°41 10°48 0°83 | 346°54 351 °99 
349°48 | 352°51 356°97 : 2°08 6°75 10°07 11°74 11°86 10°72 
348-67 | 351-97 | 356-76 2°23 7°23 10°85 12°72 12°92 11°76 
352°49 © 354°78 | 3577992 : = 1°43 4°68 7°16 8°57 8-88 8-21 
345°72 | | 16°85 


342°89 


350°37 | 386°24 | 257 | 8:59 | 13°53 | 16°73 
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TABLE 3.—Equilibrium arguments (V.-+- u) at the midnight preceding January 1 of each year, from 1850 to 1950, for the 
meridian of Greenwich, together with the elements used in computing them—Continued. 









































| 
Component. | 19to 19%t 1912 | 1913 1914 19s 1916 1917 1918 19t9 
ce ee ee ee ee ee 7 Ge a ar en pee oe ° 
PL 136°22 | 227°63 | 319°51 65°64 | 157°69 | 249°49 | 340°79 85°35 | 74°75 262°72 
1 | 3°03 4°82 6°99 10°30 12°61 14°72 16°41 18°49 18°74 17°98 
Kg 185°47 189°13 193769 200°64 | 205°56 | 209°97 213°40 | 217°36 | 217°46 215°46 
L, 179°69 22°00 | 235:00 55°42 206°55 48°99 260°18 81°51 245 '33 75°84 
[1.] 199°29 29°27 219°39 38°26 22844 58°54 245°48 66°88 | 256°36 85-61 
M, 229°57 146°18 Q2°1I 343°35 237°05 149°20 96°33 350°12 242°01 142°58 
(M,] 224°21 | 138-19 | 52°61 | 315717 | 229°78 | 144°14 57°99 | 318°97 | 230°93 141°45 
Mg 243°29 | 344°54 85°94 | 163°03 | 264°49 5°86 | 107°07 | 183-69 | 284°45 24°97 
Ms 184°94 | 156°81 128-91 64°54 36°73 8:79 1 340°61 275°53 | 246°67 217°46 
M, 126°58 | 329:08 | 171°88 | 326°06 168:97 11°72) | 24°15 7°38 | 208°89 49°94 
Me 9°88 | 313°63 | 2§7°82 | 12908 | 73°46 | 17°59 | 321-22 | 191-07 | 133°34 74°92 
Ms 253°17 | 29817 | 343°76 | 29211 | 337°94.) 23°45 68-30 14°76 57°78 99°89 
Ng 107°29 119°82 | 132°49 107°79 120°§3 133°18 145 °67 120°50 132°53 144°34 
2N 33129 | 255°09 | 179°04 52°56 | 336°57 | 260°50 | 184:27 57°31 | 340°62 263°71 
O; 243'07 341 °63 79°88 152°62 250°75 349°05 87°69 161°53 261°61 2°89 
OO 297°36 204°19 112'24 48‘19 316°73 224°58 1 31°09 62°79 324'07 221°28 
P 350°23 | 350°47 | 350°70 | 349°96 | 350°20 | 350°43 | 350°67 | 349°93 | 350717 350°40 
Q 107 °O7 1169! 126°43 97°39 106°79 116°37 126°28 98°34 109°70 122°26 
Rg 358°38 | 35812 | 357°87 | 35860 | 358-34 | 358°08 | 357°83 | 35856 | 358-30 | 358-05 
Si, 3 180°00 180°00 180°00 180°00 180°00 180°00 180°00 180°00 180°00 180-00 
Sz,456 | 0°00 0‘00 0°00 0°00 0°00 0'00 0°00 0°00 0°00 0-00 
Ts 1°62 1°88 2°13 1°40 1°66 1°92 2°17 1°44 1°70 1°95 
Ag 42°21 313°99 | 225°91 124°84 36°83 | 30872 | 220°46 118°92 30°20 301°25 
: fa 128 °37 330° 37 172°§2 | 325°98 168°19 10°32 212°29 5°27 206°78 48°06 
| v3 264°37 195°to | 125°97 21°22 | 312°15 243°00 173°69 68°46 | 358:69 288-69 
| MK 246-32 | 349°37 | 92°93 | 173°33 | 277°10 | 20°58 | 123°49 | 202°17 | 303918 | — 42°95 
| 2MK 123°55 | 324°26 | 164°89 | 315°75 | 156°36 | 357°01 | 197°73 | 348°89 | 190715 31-97 
| MN 350°58 104°36 | 218°43 270°82 25°01 139°05 252°75 304'°19 56°98 169°31 
MS 243°29 | 344°54 85°94 | 160°03 | 264-49 5°86 | 107°07 | 183°69 | 284-45 24°97 
2 MS 126°58 | 329°08 171°88 | 326:06 168°97 11°72 24°15 (7°38 208 89 49°94 
2SM 116°71 15°46 | 274°06 | 196-97 9551 | 35414 | 352°93 | 176°31 75°55 335°03 
Mf 297°14 201 ‘28 106°18 37°79 | 302°99 207'77 111°70 40°63 301°23 199°19 
MSf 116-71 15°46 | 274°06 | 196°97 95°51 | 354°14 | 252°93 | 176°31 75°55 335 °03 
Mm 136°00 | 224°73 313'45 55°23 143°96 232°68 | 321°40 63°19 151‘! 240°63 
Sa 279°77 | 279°53 | 279°30 | 280°04 | 279°80 | 279°57 | 279°33 | 280-07 | 279°83 279°60 
Ssa 199°55: | 199°07 198°59 200°09 199°61 199'13 19866 200°15 199°67 199'19 
Elements. Values at Greenwich, midnight beginning each year. 
h 279'77 | 279°53 | 279°30 | 280°04 | 279°80 | 279°57 | 279°33 | 280-07 | 279°83 | 279-60 
5 | 1§7°24 | 286°62 56:01 198°57 | 327°95 97°34 | 226:72 9:28 | 138°67 268:05 
p 21°23 61°89 | 102°56 | 143°33 | 183°99 | 224°66 | 265°32 | 306-09 | 346°76 27°42 
Values at the middle of each year, or for July 2, at Greenwich mean noon for common years and at preced- 
ing midnight for leap years. 
pi 281°40 | 281-4! 281°43 | 281°45 281°47 | 281°48 | 281'50 | 281-52 | 281°53 281°55 
P 72°90 76°25 120°03 163°99 | 207°387 | 251°54 | 294°84 | 337°46 19°03 59°29 
N 56°10 36°77 17°42 358°06 338°74 (319741 300°05 ,_ 280-70 261°37 242'°04 
I 26°6:, 27°74 28°40 28:60 28°31 ! 27°55 26°39 | 24°90 23°21 21°50 
Q 17°93 63°91 | 139°14 | 71°83 | 194°81 | 236°27 | 312°79 | 348-28 9°79 40°09 
R 19°60 7°27 | 344°39 | 342°84 21°89 9°55 | 348:29 | 345°37 11°03 9°76 
, | 
§ 8.66 5-98 2°91 +! 359°67 | 356°46 | 353°45 | 350°87 | 348°97 | 348°05 | 348-45 
v 9°56 6°63 3°24 | 359°64 | 356°07 | 352°75 | 349°94 ; 347°91 | 347°00 | 347°5! 
vy! 6°75 4°71 2°31 359°74 | 357°19 | 354°85 | 352°91 | 351°59 | 35110 351°62 
2/7 | 342°79 | 342°21 343°74 


14°08 9°94 4°90 | 359°45 | 354°05 | 349°16 | 345°25 
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TABLE 3.—Equilibrium arguments (V. + u) at the midnight preceding January 1 of each year, from 1850 to 1950, for the 
meridian of Greenwich, together with the elements used in computing them—Continued. 






































es 


| Component. | 1920 | 1921 1922 | 1923 1924 1925 1926 1927 1928 1929 

— QO - ° on és wT ee i ° ! 7 fon °o ! je ° 
J, 34898 87°57 | 170°87 | 253°94 | 337°87 77°45 | 164°74 | 253°58 | 343°67 88°73 
k, 16°11 14°I9 10°60 6°88 3°63 2°29 1°08 0'93 1°70 4°15 
K, 211°39 207 66 201 °05 194°28 18S°11 185°27 182°37 181-62 182-87 187°73 
L, 277°13 101°$7 284°24 1Or°7! 291 °23 119°89 | 319709 133°44 | 306°72 141°37 
[Lz] 274°64 | 92°19 | 280°y8 | 109°75 | 29858 | 116°22 | 305°37 | 134°75 | 324°38 142-91 
M, 78°36 | 344°03 | 235°99 | 124°59 25°1r | 309°86 | 226:49 | 119°97 15°31 29200 
[M,] 50°27 305°28 21114 116°77 23°25 279'26 189°1O 100°50 13°15 274°63 
M, 125°28 | 201°05 Z01°1L 4116 141°27 217°I2 | 317°55 58°21 ISg'll 23586 
M; 187°93 | 121°58 9167 61°74 31°90 | 325°68 | 296°33 | 267°32 | 238-67 173°79 
M, .250°57 42°10 242°22 82°32 282°53 74°24 275'10 116°42 318-23 II1°72 
Mg 15°85 | 243°16 | 183°33 | 123°48 63°80 | 291°37 | 232°65° | 174°64 | 117734 347°57 
M, I4tl4 84°21 124°44 164°64 205 06 148-49 190°20 232°85 276-46 223°43 
N, 155°93 129°91 141°24 1§2°57 163°96 138°02 149°73 161 °67 173°85 148°81 
2N 180°57 58°77 341°38 263°99 186°65 58°93 34191 26513 188°59 61°75 
Or 105 66 184°63 290°10 35°81 140°70 | 218-77 320°63 61°17 160°71 234°18 
OO 1¥3°58 28:22 | 271°9! 1§4°90 40°43 317°94 | 213°20 112‘91 16°11 309°18 
P, 350°64 | 349°89 | 350713 | 350°37 | 350°61 | 349°86 | 350°10 | 350°34 | 350758 349°83 
Qi 1 36°31 113°49 130°24 | 147°22 163°39 139°67 152°81 164°63 175°44 147°13 
Rg 357°79 | 358°52 | 35826 | 358-01 | 357°75 | 358-48 | 35823 | 357°97 | 357°72 358°45 
Siva 180°00 180°00 180:00 180'00 180:00 180-00 180°00 180-00 180°00 180‘00 
So, @ 6 0:00 0:00 0:00 0°00 0°00 0°00 0:00 0'00 0:00 0:00 
T3 2°21 1°48 74 1°99 2°25 1°52 1°77 2°03 2°28 1°55 
As 212°08 109'70 20°28 290°85 201°48 99°18 10°14 281°32 192°75 91°33 
pa 249°13 41°26 | 242°07 82°88 | 283:74 65:96 | 277°14 118°56 | 320°22 113°33 
Vg 21848 112-41 41°94 331°47 261°05 15506 84°96 Iso | 305°48 200°38 
MK 141°39 | 21§°24 | 3rI‘7I 48°04 144°90 | 219°42 31863 59°15 160°81 240'01 
2MK 234°46 27°91 | 231-62 75°44 | 278-90 | 71°95 | 274°02 | 115-49 | 316°53 107 °56 
MN 281°21 330°96 82°35 193'73 | 305°22 | 355°15 107'28 | 219°88 | 332°96 24°66 
MS 125°28 201°05 | 301°II 41°16 141°27 217°12 | 317°55 58:21 ISg'1l 235 86 
2 MS 250°57 42°10 | 242°22 82°32 282°53 | 74°24 27510 116-42 318-23 I11'72 
25M 234°72 158°95 58°89 | 318°84-) 218°73 42°88 42°45 | 301°70 200°89 124°14 
Mf 93°96 11°80 260°90 . 149°54 39°86 | 319°59 216:28 115°87 17°70 307 °50 
MSf 234°72 158°95 58°39 | 318°84 | 218°73 142°88 42°4§ | 301°79 | 200-89 124°14 
Mm 329°36 | 71°14 | 159°87 | 248°59 . 337°31 > 79:10 | 167-82 | 256°54 | 345-26 87-05 
Sa 279° 36 280°11 279'87 279'03 279°39 | 280°14 279°90 | 279°66 | 279°42 280'17 
Ssa 198°72 | 200-21 199°73 199°26 198°78 | 200°27 199°79 199°32 198°84 200°33 

Elements. Values at Greenwich, midnight beginning each year. : 
h 279°36 | 280°1: | 279°87 | 279°63 | 279°39 | 280°14 | 279°90 | 279°66 | 279:42 280°17 
5 37°44 | 180°00 | 309°38 78°77 | 20815 | 350°71 | 120'1TO | 249°48 18°87 16143 
p 68:08 | 108°86 | 149°52 | I90°18 | 230°84 | 271°62 | 312°28 | 352°94 33°61 74°38 
Values at the middle of each year, or for July 2, at Greenwich, mean noon for'common years and at preced- 

ing midnight for leap years. 

pi 281°57 281°59 | 281-60 28162 28164 | 281°65 | 281°67 281°69 281°70 281°72 
P 98'0l 135°09 | 170°92 206'52 243°0! 281°03 320°65 1°73 43°97 87°03 
N 222°69 203°33 184°00 164°68 145 °32 125°97 106°64 87°31 67°96 48°60 
I 19°96 18°83 18°32 18°54 19°43 20°83 22°50 24°22 25°81 27°12 
Q 105°72 | 153°50 | 175°43 | 19401 | 224°47 | 291°29 | 337°71 0°87 25°75 84°07 
R 357°51 | 350°62 | 356°73 8-04 7°35 | 356°33 | 346°28 1°32 17°66 1°54 
£ 350°46 | 354°10 | 358°93 4°00 822 10°92 | 11°96 11°55 10°02 7-68 
y 349°74 | 353°68 | 358°86 4°28 8°83 11-78 12°98 12°62 1I-O1 8-49 
v’ 353°25 | 355°92 | 359°27 2°75 5°75 7°84 8°82 8°73 7°72 6-o1 
Bai 347°33 | 352°55 | 358°68 4°98 10°67 15 ‘Ol 17°42 17°69 15°97 12°61 
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TABLE 3.- Equilibrium arguments (V.+4u) at the midnight preceding January 1 of each year, from 1850 to 1950, for the 
meridian of Greenwich, together with the elements used in computing them—Continued. 


Component. 


vg 
MK 
2MK 


MN 
MS 
2MS 


2SM 
Mf 
MSf 


Mm 
Sa 
Ssa 


Elements. 


h 
s 
p 


MO. ZS v> 


v 
~VEm 


| 


The values of the mean longitudes were obt 























| 

















$ = 150°-0419 + [13 X 360° + 132°°67900] 7+ 13°°1764 D + 0°°5490165 H, 
p == 240° 6322 + 40°-69035 7+ 0°'1114 D + 0° 0046418 H, 

hk = 280°-5287 +- 360°-00769 7+ 0°-9856 D + 0°:0410686 /, 

pi == 280° 8748 + 0°'01711 Z-++ 0° 000047 2), 

N= 285°-9569 — 19°°34146 7 — 0°0529510 D, 


1939 


°o 
299 '09 
15°58 
210°31 


227°40 
217 °87 
132°55 


98°28 
117°46 
176°19 


234'92 
352°39 
109°85 


197°06 
276°65 
98°78 


118°58 


350°25 
178°38 


357°87 
180-00 
0°00 


2°14 
260°82 
233°70 


154°10 
1 33°04 
219°35 


314°52 
117°46 
234°92 


24254 
99°90 
242°54 


280-40 
279°75 
199°50 


279°75 
41°63 
121°23 


281-89 
14988 
25°21 


19°47 
163°82 
350°47 


351°68 
351°07 
354°17 
349°19 


1930 1931 | 1932 , 1933 1934 1935 1936 1937 1938 
Site Nel ged oof = a= eee eee ees 
ce] °o ° ° ° ° QO fo) °o 
180°35 272°33 4°43 110°47 202°10 293°12 23°24 126°18 213°5! 
6-11 8°36 10°71 13°95 15°92 17°40 18°19 19:06 17°37 
191°79 196°56 201°57 208 °23 212°4! 215 °33 216°64 21791 215°07 
352°21 | 170°08 | 330°77 167°92 18:80 | 201°72 5°95 1Q3°TI 35°89 
332°94 163°10 35 3°30 172°15 2°18 192°04 21°67 199°74 28°90 
228-28 | 126°48 21°61 293°28 234°44 134°12 26°99 285 68 227°36 
| 
188-80 103°33 17°99 280°46 194°64 108-22 20°90 280°26 190°14 
337°17 78°60 | 180°08 | 257714 | 358°45 99°59 | 200°50 | 276°78 17°21 
145°75 11791 90°13 25°71 357°68 | 329°38 | 300°74 | 235°17 205 ‘82 
314°34 | 157°21 O17 | 154°28 | 356-90 | 19918 40°99 | 193°56 34°43 
29°51 23581 180°25 51°42 355°36 298°76 241°49 110°34 51°64 
268-68 314°42 O° 34 308°56 353°81 38°35 81°98 27°12 68°86 
161°40 174°13 186°87 162°13 174°72 187-14 199°32 173°82 185°53 
345°62 | 269°61 | 193°65 67°13 | 35100 | 274°69 | 108-15 70°86 | 353°85 
332°59 70°77 | 168-87 | 241°68 | 340°08 78-92 | 178°43 | 253°56 | 355°39 
216°56 | 124°89 | 33°55 329°25 236°66 142°43 45°71 332°87 228°26 
350°97 350°31 = 350°55 | 349°80 | 350°04 | 350°28 | 350°52 | 349°77 350°01 
156°82 | 166°28 | 175 °65 146°67 156°35 166°47 177°25 | 150°60 103°71 
| | 
35819 37°93 | 357768 | 358-4r | 35815 | 357°90 | 357°64 | 358°37 | 35811 
180°00 180°00 | 180°00 180°00 180°00 180°00 180-00 180°00 180-00 
0°00 | 0-00 0:00 0-00 0°00 0°00 0°00 0°00 0°00 
1°81 2°07 2°32 1°59 1°85 2°10 2°36 1°63 1°89 
317 | 275-13 | 187-13 | 86-03 | 357-87 | 269°53 | 180°96 | 79°09 | 350-05 
315-39 | 157°58 | 359°82 | 153°24 | 355-30 | 197-20 | 38°36 | t91°51 | 32°70 
31°17 62°08 | 353°03 : 248°25 | 179°03 | 109°65 40°03 | 294°47 | 224-38 
343°28 86:96 | 190°79 | 271°09 14°37 | 116-99 | 218-6y | 295°84 35°09 
308-23 | 148-85 | 349°46 | 140-33 | 340°99 | 181-77 | 22°80 | 174°50 | 16-56 
138°57 | 252-71 6°95 | §9°27 | 17318 | 286-73 39°82 , go60 | 202-75 
337°17 78-60 180°08 | 257°14 | 358°45 99°59 | 200°50 , 276°78 17°21 
314°34 | 157-21 O17 | 154°28 | 356-yo | 199°18 40°99 | 193°56 34°43 
22°83 28140 179°92 102 °86 1°55 260°41 159°50 83°22 | 342°79 
211-98 117°06 22°34 313°78 218°29 121°76 23°64 30966 206°43 
22°83 281°40 179°92 102°86 1°55 260°41 159°50 83°22 | 342°79 
175°77 264°49 | 353°22 950! 183°73 272°45 1°17 102-96 191 68 
279°93 | 279°69 | 279°45 | 280°20 | 279°96 | 279°72 | 279°48 | 280°23 | 279°99 
199°86 199°38 198-90 200°40 199°92 199°44 198'96 | 200°46 199°98 
Values at Greenwich, midnight beginning each year. 
279°93 | 279°69 | 279°45 | 280°20 | 279°96 | 279°72 | 279°48 | 280°23 | 279°99 
290°82 60:20 | 189°59 | 332°15 101°53 | 230°92 0°30 | 142°86 | 272-25 
115-04 | 1§§5°70 | 196°37 | 237°14 | 277°80 | 31847 | 35913 | 39°90 | 80°57 
Values at the middle of each year, or for July 2, at Greenwich mean noon for common years and at preced- 
ing midnight for leap years. 
281:74 | 281°76 | 281°77 281°79 | 281°81 281-82 | 281°84 | 281°86 | 281°88 
130°55 174°37 218°33 262°22 305°75 348°76 31°03 72°20 111 °87 
29°27 9°94 | 350°59 | 331°23 | 31N-or | 292°58 | 273°22 | 253°87 | 234°54 
28-05 28°54 28°54 28°07, 5 27°15 25°85 24°26 22°54 20°87 
149°70 | 177718 | 201°57 | 254°71 | 325°22 | 35433 16°75 §7°29 | 128°75 
340°73 | 353°02 | 22°54 4°23 | 343°38 | 350°32 15°72 6°63 | 353°01 
4°83 1°67 | 358-42 | 355°25 | 352°39 | 350°04 | 348°48 | 348°04 | 349°03 
5°35 1°86 | 358:24 | 354°74 | 351°59 | 349°05 | 347°41 | 34701 | 34817 
3°81 1°33 358°74 | 356-25 354°04 | 352°32 35829 | 35817 352°12 
8°07 2°82 | 357°33 352°06 | 347°50 | 34471! 342°33 342°55 344°90 


ained from formulz given by Darwin in B. A. A. S. Report, 1883, p. 87: 
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TABLE 3.—Equilibrium arguments (Vo+ 4) at the midnight presiding January 1 of each year, from 1850 to 1950, for the 
meridian of Greenwich, together with the elements used in computing them—Continued. 


a eee eee a a A I 








Component. 1940 1941 1942 1943 1944 1945 oe 1946 7a 1948 |e | aoe 1949 1950 
ae eee eee ee ee ee ee ee ee 
Ji 23°06 | 120°18 | 203°46 | 287-96 14°38 | 1160°15 205° 52 296 "00 27°28 133: 12 225° 17 
K, 12°35 9°62 6:02 3°09 1°19 1°39 1-62 2°68 4°37 7°45 9°75 
K, 204°17 | 199°37 | 192°74 | 187°02 | 182:90 | 182°80 | 182°85 | 184°79 | 188-19 194°55 199'45 
L, 44°29 | 215°18 | 49°56] 248'99 | 82°00 | 240°I9 | 64°35 | 271°82 | 118-73 | 270°72 86°64 
[la] 46°69 | 224°15 52°93 | 241 ‘80 70°83 | 248°75 78°23 | 267°94 97°87 276°64 10682 
M, 21°99 | 26u-90 | 173°39 | 109°54 | 12°89 | 251°95 | 151°20 | 91°30] 14°50 | 257°36 | 155°34 
[M.] 4°80 | 258°35 | 164°19 | 71°25 | 340-01 | 238-41 | 150°34 | 63°37 | 337°20 | 239°47 154-08 
My 217°57 | 293°23 | 33°29 | 133°44 | 233°75 | 309°88 | 50°63 | 151°63 | 25283 | 329-82 71-28 
Ms 146°35 | 79°35 | 49°93 | 20°16 | 350°62 | 284-82 | 255-95 | 227°44 | 199°25 | 134°73 10692 
M, 75°14 | 226°46 | 66:58 | 266°$8 | 10750 | 259°76 | 101-27 | 30325 | 145°67 | 299°64 142°56 
Me 292°70 | 159°70 | 99°57 | 40°33 | 341°24 | 209°65 | 151-90 | 94°88 | 38°50 | 269°46 | 213°83 
Ms 150°27 | 92°93 | 133°16 | 173°77 | 214°99 | 159°53 | 202°54 | 246°50 | 291°34 | 239°28 285°11 
Ng 208-44 | 182°32 | 193°65 | 205°08 | 216°67 | Ig1r°O1 | 203°04 | 215°31 | 227°80 | 203-00 215°73 
2N 199°31 | 71°40 | 354°02 | 276°73 | 199°59 | 72°14 | 355°45 | 279°00 | 202°76 76°17 O19 
O, 203°64 | 283°97 | 29°47 | 133°84 | 236°65 | 312-60 | 52°71 | 151°94 | 250°59 | 323°52 61°65 
oO 4°22 | 274°55 | 15819 | 45°38 | 297°54 | 221°96 | 123°15 | 27°42 | 293°89 | 229°07 | 137°59 
Pi 350°49 | 349°74 | 349°98 | 350°22 | 350-46 | 349°71 | 349°95 | 350°19 | 350°43 | 349°68 | 34992 
Qi 194°51 | 173°06 | 189°83 | 205°48 | 219°57 | 193'73 | 205°12 | 215°63 | 225°56 196°70 206°11 
Rs 357°60 | 358-33 | 358°08 | 357°82 | 357°57 ; 353°29 | 358°04 | 357°78 | 357°53 | 358-26 Hho-o ‘00 
Si, 3 180°00 | 180°00 | 180°00 | 180'00 | 180°:00 | 180°00 | 180°00 | 180:00 | 180°00 180-00 
Ss, 46 0°00 0°00 0°00 0°00 0°00 0°00 0°00 0°00 0:00 0:00 
T, | 2°40 1:67 1°92 2°18 2°43 1°71 1°96 2°22 2°47 1°74 2°00 
Aa 171-45 | 68-96 | 339°54 | 250°22 | 161-05 §9°C2 | 330°30 | 241°82 | 153°55 52°38 324°36 
He 74°56 | 226°59 | 67°40 | 268-31 | 109°37 | 261-87 | 103°38 | 305:12 | 147°08 | 300°44 142°65 
Vs 83°69 | 337°51 | 267-04 | 196°67 | 126-45 | 20°74 | 310°97 | 241°43 | 172712 67°26 | 358-19 
MK 229°92 | 302°85 | 39°31 | 136°53 | 234°94 | 311-27 | 52°25 | 154°31 | 257°20 | 337°27 1°03 
2MK 62°78 | 216°84 | 60°56 | 263:79 | 106°30 | 258-38 | 99°65 | 300°57 | 141°30 | 292-19 132°80 
MN 66-or | 115°55 | 226°94 | 338°53 | 90°41 | 140°89 | 253°68 6:94 | 120°63 272°82.| 287-01 
MS 217°57 | 293°23 | 33°29 | 133°44 | 233°75 | 309°88 | 50°63 | 151-63 | 252°83 | 329°82 71-28 
2MS 75°14 | 226°46 66°58 | 266°88 | 107°50 | 259°76 | 1O1°27 | 303°25 | 145°67 299°64 142°56 
25M 142°43 66°77 | 326°71 | 226°56 | 126°25 50°12 | 309°37 | 208°37 | 107°17 30°18 288-72 
Mf 350°29 | 265:29 | 154°36 | 45°77 | 300°44 | 224°68 | 125°22 | 27°74 | 291°65 | 222°77 127°97 
MSf 142°43 66°77 | 326°71 | 226°56 | 126°25 50°12 | 309°37 | 208°37 | 107°17 30°18 288-72 
Mm 9°13, | 110°91 | 199°64 | 288-36 17°08 | 118°87 | 207°59 | 296°3!1 25 ‘04 126°82 215°55 
Sa 279°51 | 280°26 | 280°02 | 279°78 | 279°54 | 280°29 | 280°05 | 279°81 | 279°57 280 '32 280°08 
$sa 199°02 | 200°52 | 200°04 | 199°56 | 199°09 | 200°58 | 200°10 | 199°62 | 199°15 200°64 200°16 
Elements. Values at Greenwich, midnight beginning each year. 
h 279°51 | 280'26 | 280-02 | 279°78 | 279°54 | 280-29 | 280°05 | 279°81 | 279°57 | 280°32 280-08 
5 17002 | 313°58 | 82°96 | 212°35 | 341°73 | 124°29 | 253°68 | 23:06 | 152°45 | 295'01 64°40 
p 161-89 | 202°66 | 243°33 | 283°99 | 324°65 5°43 46:09 | 86°75 | 127°41 163°19 208°85 





























Values at the middle of each year, or for July 2, at Greenwich mean noon for common years and at preced- 
ing midnight for leap years. 


Ai 281-91 | 281:93 | 281-94 | 281°96 | 281°98 | 281-99 | 282-01 282°03 | 282°05 282:06 282°08 
P 186-41 | 222°06 | 257°87 | 294°86 | 333°53 13°80 | 55°35 97°89 | 141°17 184-89 228°77 
N 195°86 | 176°50 | 157°17 | 137°85 ; 11849 | 99°14 | 79°81 60°48 41°13 21°77 2°44 
I 18°55 18°32 18°81 19°92 | 21°45 23°17 24°86 26°35 27°53 28°29 28 60 
Q 183°21 | 204°29 | 246°75 | 312°82 | 346'02 7°O1 35°89 | 105°49 |] 158-08 182°45 209°71 
R 2°41 8:96 3°36 | 352°81 | 348-82 8°56 13°88 | 356°12 | 339°14 5°92 20°18 
g 355 87 0°93 5°78 9°46 | Ure§r | 1r'g5 | 11-07 9°19 6°63 3°63 O-4I 
v 355°58 1°00 6°19 10°17 12°45 13°O1 12°12 10°13 7°33 4°03 0°46 
? 35716 0°64 4°00 6°69 8-35 8-90 8°43 7°13 5°21 2°87 0°33 


2/7 35485 1°i5 7°30 12°54 16°19 17°78 17°25 14°84 10°96 6:09 0°70 
where 7'is the numb.r of Julian years of 365 mean solar days; D, the number of mean solar days; 7, the number of mean 
solar hours after Greenwich mean noon, yenneny is 1, 1880. On account of the slowness of the secular changes i in the coefficients o 
7, D, or H, the epoch of this table may be regirded .s 1900. See Hansen's Tables de la Lune, p. 1 3 from which these formule 
may be obtained '- putting ¢ = 80. Newcomb’s corrections (Washington Observations, Vol. 22 (1875), App. II, pp. 268, 274) 
are not of sufficient magnitude to affect the values in Table 3. 
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years. For longitude corrections see Table 
upon the longitude of the moon’s node, see 
Tables 6 and 7. The changes for other components may be found from those above, as follows : 
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TABLE 4.—For adapting the uniformly varying portion (Vo) of the equilibrium arguments of Table 3 to Greenwich midnight, 
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beginning any day throughout the year—Continued. 


de is Ys MK | aMK| MSf Mf Mm hk 5 p N* 
° 
sfsis|s]sjs]s]s] sys | & lpeests 
314°98 | 288-35 | 333°36 | 354°73 | 257°79 | 35°83] 96°94] 45°02| 30°56) 48°47] 3°45 dee 
05 
30916 | 2°98) 53°82] §9°64 | 304°83 | 358°51 | 114°82| 50°84] 58°15] 57°41] 6°57 4-654 
296°10 | 314°22| 18:12] 36°25 | 255°08| 22°89] 141°17| 63°90| 59°14] 70°58 6°68 46°51 
264°15 | 291°33| 27°18 | 54°37 | 202°62| 34°34 | 211°75 | 95°85 | 83°71 | 105°88| 10°03 -+4°90 
251 °09 | 242°57 | 351°48 | 30°98 | 15§2°87| 58°72 | 238:10; 108-91 | 89°69/ 119°05 |; 10°14 +4°87 
232°20 | 268°44 |} 36°24 | 72°50| 150°16| 45°78 | 282°34 | 127°80 | 118°28 | 141717 | 13°37 +3°3! 
21914 | 219°68| 0°54] 49°10] 100°41 | 70°16] 308-69 | 140°86 | 119°26 | 154°34| 13°48 +3°28 
187°19 | 196°79| 9°60} 67°23) 47°96! 81°61 | 19°27 | 172°81 | 148-83 | 189°64| 16°82 +1°67 
174°12 | 14802 | 333°90; 45°83 | 358°2t | 105-99 | 45°62 | 185°88 | 149°82 | 202°81 | 16°93 +1°64 
155°24| 173790] 18°66| 85°35 | 355°50 93°05 | 89°86 | 204-76 | 178-40 | 224°93| 20°16 -+0:08 
142°17 | 125°14 | 342°96| 61°96 | 305°75 | 117°43 | 116-21 | 217°83 | 179°39 | 23810] 20°28 0°05 
110°22 | 102°24 | 3§2°02| 80°08 | 253°29 | 128-88 | 186-79 | 249°78 | 20896 | 273°40| 23°62 —1°56 
97°16 | 53°48 | 316°32| 56°68 | 203°54 | 153°26 | 213-14 | 262°84 | 209°94 | 286°57 | 23°73] —1°59 
65°21 | 30°59 | 325°38| 74°81 | 151-08 | 164-70 | 283°73 | 294°79 | 239°51 | 321-86] 27-07 —3°20 
52°14 | 341°83 | 289°69 | 51°41 | 101-33 | 189-08 | 310-08 | 307-86 | 240°50 | 335°04 27°18 — 3°23 
33°26) 7°70] 334°44| 92°93] 98°62 | 176-15 | 354°31 | 326-74 | 269-08 | 357°16| 30°41 —4'79 
20°19 | 318°94 | 298°75 | 69°54} 48°88 | 200°53 | > 20°66 | 339°81 | 270°07 | 10°33] 30°52 —4'82 
348-24 | 29605 | 307°81 | 87°66 | 356-41 | 211-98 gi'25 11°76 | 299°64 | 45°62| 33°87 —6°43 
335°18 | 247°29 | 272°11 | 64°20 | 306°66 | 236°36| 117°60} 24°82 | 300°62| 58:80] 33°98 —6°46 
316°29 | 273°16 | 316°87 | 105°79 | 303°95 | 223°42 | 161°83 | 43°71 | 329°21 | 80°92] 37°21 —8:'02 
303°23 | 224-40 | 281°17 | 82°39 | 2§4°20 | 247-80 | 188-19 | 56°77 | 330°19 | 94°09 | 37°32 — 8:05 
271°28 | 201°51 | 290°23 | 100°51 | 201°74 | 259°25 | 258°77 | 88°72 | 359°76| 129°38| 40°66 —9°66 
258-21 | 1§2°74 | 254°§3) 77°12 | 1§2°00 | 28363 | 285°12! 101°79 | 0°75 | 142°56| 40°77 —9g'69 
fe) re) fe) fe) fe) fe) fe) fe) fo) o fe) oO 
346°93 | 311°24 | 324°30 | 336°60 | 310.25 | 24°38 | 26°35] 13°07 0°99] 13°18] On! —0'0§ 
333°87 | 262°47 | 288-60 | 313°21 | 260°50 | 48:76) 52°71 | 26°13 1°97 | 26°35 0°22 —O'll 
320°80 | 213°71 | 22°91 | 289°§1 | 210°75 | 73°14} 79°06| 39°20] 2°96] 39°53] 0°33 —o'16 
307°74 | 164°95 | 217°21 | 266'42 | 161-00 | 97°53 | 105°41 | 52°26] 3°94] 52°71 0°45 —O'21 
294°68 | 116°18 | 181°51 | 243°02 | 111°26 | 121-91 | 131°76] 65°32] 4°93} 65°88 | 0°56 —0o:26 
281°61 | 67°42] 145°81 | 219°62| 61°51 | 146°29 | 158°12} 78°39] S91} 79°06] 0°67 —0°32 
268°54| 48°66 | tro-rt | 196°23| 11°76 | 170°67 | 184°47| 91°46] 6°90) 92'23| 0:78 —0'37 
255°48 | 329°90 | 74°42 | 172°83 | 322-01 | 195°05 | 210°82 | 104°52 7°88 | 105-41 0°89 —0O'42 
242°42 | 281°13| 38°72 | 149°44 | 272°26 | 219°43 | 237°18 | 117°58] 8:87} 118-59 1°00 —o'48 
229°35 | 232°37 3°02 | 126-04 | 222°51 | 243°82 | 263°53 | 130°65 9°86 | 131°76 ee | —0'53 
216:28 | 183°61 | 327°32 | 102°65 | 172°76 | 268-20 | 289°88 | 143°72] 10°84 | 144°94 1°23 —0o'58 
203°22 | 134°84 | 291-62 | 79°25 | 12302 | 292°58 | 316°23 | 156°78| 11°83 | 15812 1°34 —0°64 
190'16| 86:08 | 255°93| 55°85 | 73°27 | 316°96 | 342°§9 | 169°84} 12°81 | 171-29 1°45 —o'69 
177°09 | 37°32 | 220°23 | 32°46) 23°52 | 341°34, 8:94 | 182°91 | 13°80] 184-47; 1°56 —0'74 
164-02 | 348°56 | 184°53) 9°06 | 333°77) 5°72| 35°29} 195°98| 14°78) 197°65| 1°67 —0'79 
150°96 | 299°79 | 148-83 | 345°67 | 284°02| 30°10] 61°64 | 209°04] 15°77 | 210°82 1°78 —0'85 
137°9O | 251 °03 | 113°13 | 322°27 | 234°27| 54°48] 88°00 | 222:10| 16°76 | 224:00 1°89 —0'go 
124°83 | 202°27| 77°44 | 295-88 | 184:52| 78:87 | 114°35 | 235°17| 17°74 | 237718 2°01 —0'95 
11°76! 153°50| 41°74 | 275°48 | 134°78 | 103°25 | 140°70 | 248:24 | 18°73 | 250°35 2°12 —!I'Ol 
98°70 | 104'74 6:04 | 252°08 | 85:03 | 127°63 | 167°06 | 261°30] 19°71 | 263°53 2°23 — 1°06 
85°64] 55°98 | 330°34| 228°69| 35°28 | 152:01 | 193°41 | 274°36| 20°70| 276°70| 2°34 —I'tl 
72°57 7°21 | 293°64 | 20§°29 | 345°53 | 176°39 | 219°76 | 287°43 | 21°68 | 289°88 | 2°45 —1'16 
§9°50 | 318°45 | 258-95 | 181-90 | 295°78 | 200°77 | 246°11 | 300°50 | 22°67 | 303°06| 2°56 —1°22 
46°44 | 269°69 | 223°25 | 1§8°50 | 246°03 | 225-16 | 272°47 | 313°56| 23°66 | 316°23 2°67 —1°27 
33°38 | 220-92 | 187°55 | 135°10 | 196°28 | 249°54 | 298-82 | 326°62| 24°64 | 329°41 2°79 —1°32 
20°31 | 172°16 | 15185 | 115-71 | 146°54 | 273°92 | 325°17 | 339°69 | 25°63 | 342°59] 2°90 —1°38 
7°24 | 123°40] 116°1§ | 88°31 | 96°79 | 298°30| 351°52 | 352°75} 26°61 | 355°76] 3:01 —1'43 
354°18| 74°64] 80°46] 64°92] 47°04 | 322°68| 17°88 5°82| 27°60 8:94| 3°12 —1°48 
341°12| 25°87] 44°76| 41°52! 357°29| 347°06] 44°23] 18°88] 28°58] 22°12| 3°23 —1°54 
328°0§ | 337711 | 9°06] 18-12} 307°54| 11°44] 70°58) 31°95 | 29°57] 35°29] 3°34) —I°59 


* This column gives the longitude of the moon’s ascending node for any day when applied to the NV of Table 3. 
The change in the dial reading of any component (except Mg and Sa) on the Ferrel machine = + (tabular value for component — tabular 


value for M,), the APE" sign being used when the speed of the component is ema than that of M3. The changes for Mg and Sa are given 


directly by this table. 
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TABLE 5.—For adapting the uniformly varying portion (V.) of the equilibrium arguments of Table 3 to local midnight for 
any degree of west longitude. 





























fone nad: K, Ky Ly | Ms | Ms; fo fom fom | Ms Ng O1 | P, Q, 
° ° ° ‘ ° |e ° ° ee. : ° 
t 0°00 0°00 | — o-oI  — 002 | — 0°03 0°03 — 0°05 O° *O7 — 0'03| — 0°02 0°00 | — 0°03 
+ 0°00 0°00 | — 0°02] — 0°03 | — 0°05 | — 0°07 | — o-10} — o'lg | — 0°05 | — O04 0°09 | -— 0°05 
a 0-00 0°00 =| — 0°02 | — 0°05 | — 0:98] — or10 | — ov1§ | — 0°20} — 0°08] — 0-05! 0:00] — 0°08 
I 0°00 O-Ol | — 0°03; — 0°07 | — o'10| — o'14 | — 0°29 0:27 | — o'1ro 0-07 | 9:00 | — ont 
2 oo! oor | — 0-06 | — O'14 |’— 0°20, — 0°27 | — og! | — 0°54 | — o-21 | — o-114 |! — OO! | —- Ov2e 
3 o'ol 0°02 | — 0-09 '— 0:20 | — 0°30/ — o-41 | — 0-61 | — O°81 O°31 | — or21 | — Orol | — 0°32 
4 rere) 0702 | — 0°13 ! — 0°27 | — Og!) — 0°54 | — o-81 | — 1°08 | — 0°42 0:28 | — ool | — 0°43 
5 o'01 0°03 | — 0°16 | — 0°34] -- O'S | ~ 0°68 | — 1°02 | — 31°35 | — 0°52] — 0°35 | — Ovor | —- 0°53 
0 0'02 0°03 | — O-19} — o-41 | — O'61 | — O'S! | — 1°22); — 1°63 | — 0°62) — 0°42! — 0°02) — 0°64 
| 
7 0°02 0°04 | — 0°22} — 0°47 | — 0°71, — 0°95 | — 1°42 1°90 | — 0°73 | — o-49] — 0°02] — 0°75 
8 0°02 0°04 | — 0°25 | — 0°54 | — 0°81 yea. 08 | — 1°63 | — 2°17 | — 0°83 | — 0°56] — 0°02 | — 0°35 
9 0°02 O05 | — 0°28} -— Oo-o1 | — Oo-gr — 1°22] — 1°83 | — 2°44! — O94 0°63 | — o'02 0:96 
10 0°03 o70§ | — 0°31 | — 0°68 | — 1°02 | — 1°35 | — 2°03 | — 2°71 | — I-04 0°70 | — 0°03 | — 1°07 
20 0°05 OIL | — 0°63 | — 1°35 | — 2°03 | — 2°71 | — 4°06] — 5:42] — 2°08 | — 1°41 | — 0705) — 2°14 
30 0:08 O10 0°94 | — 2°03 | — 3°05| — 4 706 | — 610] — 8:13} — 3°12 2°11 0:08 3°20 
40 O'll 0°22. | — 1:26] — 2°71 | — 4°06! — 5:42} — 8-13] —10°84| — 4°16] — 2:82 ort | — 4°2 
© §0 | ong | 0-27 | — 1°57] — 3°39} — 5°08 | — 6:77 | —10-16 | —13°55 | — 5:20] — 3°52] — 014 | — 5°34 
60 o'16 0°33. | — 1°89 4°06 | — 6:10; — 8:13 | —12‘19 | —16°25 6°24 | — 4°23| — o16| — 6-4I 
70 o'19 0:38 2°20 4°74 | — 711 | + 9°48 | —14°22 ! —18-96 | — 7°28! — 4:93 O'19 | — 7°47 
80 0°22 0°44 | — 2°51 | — 5°42! — 8:13 | —10°84 | —16°25 | —21°67 | — 8°32 | — 5:64 | — 0'22| — 8°54 
go 0°25 0°49 | — 2°83|— 6:10] — 9°14] —12'I9 | —18°29 | —24°38 | — 9°36 6°34 | — 0725 | — 9°61 
100 0°27 O55 | — 3°14| — 6°77 | --10°16 | —13°55 | —20°32 | —-27°09 | 10°40 | — 7°05 | — 0°27 | —10°68 
110 0°30 060 | — 3°46|— 7°45 | —I1'17 | —14°90 | —22°35 | —29°80 | ---11°44] — 7°75 | — O°30| —11°74 
120 0°33 0°66 | — 3°77 | — 8:13 | —12°19 | —16°25 | —24°38 | —32°51 | —12°48 | — 6°46 | — 0°33 | —12°81 
130 0°36 o'71 | — 4°09 | — 8°80} —13°21 | —17°61 | —26°41 | --35°22 | —13°52| — 9°16 0°36 | —13°88 
140) | 0°38 | 0°77 | — 4°40] — 9°48 | —14°22 | —-18-96 | —-28°45 | —37°93 | —14°56 | — 9°87 | — 0°38] —14°95 
150 o°4! 0°82 | — 4°72 | —10°16; —15°24 | — 20°32 | —30°48 | —40°64 | —15*60 | —10°57 | — o°41 | —16‘01 
160 0°44 088 | — §:03| —10°8; | ~ 16°25 | —21-67 | —32°5§1 | —43°34 | —16°64 | —11°27. — 0°44] —197°08 
170 0°47 0°93 | — 5°34] —IE'S! | — 17°27 | —23°03 | —34°54 | —46°05 | —17°08 | —11°gS | — 0°47 | —18°15 
180 0°49 0799 | — §°66| —12'I9 | —18-29 | —24°38 | —36°57 | — 48°76 | — 18°72 | —12°68 | — or49| —19°22 
190 0°52 1°04 | — §°97 | —12°87 | —19°30| —25'74 | —38°60 | —51°47 | —19°76 —13°39 0°52} —20°28 
200 0°55 Ilo | — 6°29 | —13°55 | —20°32 | —27°09 | —40°64 | —54°18 | —20°80 | —14'09 | — 0°55 | —21°35 
210 0°57 I'1§ | — 6:60 | —14°22 | —21°33 | —28-45 | —42°67 | —5§6°89 |] —21°84 | —14°80 0°57 | —22°42 
220 0:60 1°20 6-92 | —14'90 | —22°35 | —29°80 | —44°70 | —59°60 | —22°88 | —15°50 — 0°60 | —23°49 
230 0°63 1°26) | — 7°23 | —1§°58 | —23°37 | —31°15 | —46°73 | —62°31 | —23°92 | —-16°21 | — 0°63 | —24°55 
240 0°66 I°3t | — 7°54 | —16°25 | —24°38 | —32°51 | —48°76 | — 65°02 | —24°96 | —16°y1 0°66 | —25°62 
250 0°68 1°37 7°86 | —16°93 | 25°40 | — 33°86 | —50°79 —67°73 | —26'00 | —17°62 | — 0°68 | —26°69 
260 o'71 1°42) | — 8:17 | —17°61 |---26°41 | —35°22 | —§2°83 | —70°44 | —27°04 | —18°32 | -— o°71 | —27°76 
270 0°74 1°48 | — 8-49 | —18-29 | — 27°43 | —36°57 | —54°86 | —73°14 | ---28°08 | —19°03 | — 0°74] —28°82 
280 | 0°77 | 1°53 | — 8-80] —18-96 | —28-45 | —37°93 | —56°89 | —75°85 | — 29°13 | —19°73 | — 0°77 | —29°89 
290 0°79 1°59 | — 9°12] —-19°64 | —29°46 | —39°28 | —58°92 | —78°56 | —30°17 | —20°43 | — 0°79 | —30°96 
300 0°82 1°64 | — 9°43 | —20°32 | —30°48 | —40°64 | —60°95 | ---81°27 | —31°21 | —-21°14 0°82 | —32°03 
310 0°85 1°70 | — 9°74 | —21-°00 | —31°49 | —41°99 | — 62°99 | —83°98 | —32°25 | —21°84 | — 0°85 | —33°09 
320 0°88 1°75 | —10°06 | —21°67 | —32°51 | —43°34 | -—65°02 | —86°69 | —33°29 | —22°55 | — 0°88 | —34°16 
330 | 0°90 1-81 | —10°37 | — 22°35 | —33°52 | —44°70 | — 67°05 | —89°40 | —34°3} | --23°25 | — 0°90 | —35°23 
340 0°93 1°86 | —10°69 | —23°03 | —34°54 | —46-05 | — 69°08 | — g2°1I | —35°37 | ---23°96 | — 0°93 | —36°30 
350 0°96 I-92 | —Ir‘0o0 | —23°70 | —35°56 | —47°41 | —71I°I1 | —94°82 | —36°41 | —24°66 | — 0°96 | —37°36 
360 | 0-99 1°97 | —11°32 | --24°38 | — 36°57 | —48°76 | —73°14 | —97°53 | —37°45 | —25°37 0°99 | —38'43 
The changes for other components may be found from those above as follows: 
ji =—-L,—O, L,J=L ae =h—s es 2N=N,+A,, OO = K,—Or R, = K, Si,3=0 
Seo veep —M,+N,|MS =M,°  |2MS=M, 2SM=MSf |Sa=K:|Ssa=Kg 
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TABLE 5.—For adapting the uniformly varying portion (Vo) of the equilibrium arguments of Table 3 to local midnight for 
any degree of west longitude—Continued. 





Sania ds its Ms MK 2MK MSf | Mf Mm h s , N 
ae oe eo Ol wee et 36, >, | eee I See eel eee pee 

; oor | — 0°03 | — o*02 | — o°02 0°03 | 0°02} o02]| oro! 0:00 | Oo! 0°00 0°00 

+ — 0°02 | — 0°07 | — o°05 | — 0°03 | — 0°07} 0°03 | 0°04] 0°02} o°00| 0'02] 0°00 0°00 

4 — 0°03 | — o710 | — 0°07 - 0°05 O'r0 | 0°05 | 0°05 | 0°03] 0°00] 0°03] 0°00 0°00 

I — 0°04 | — O14 | -- Ov10 0°06 | — o'l4 07 0:07 0°04 0:00 0°04 0°00 0°00 

2 — 0°07 | — 0°27 | — 0°20 | — 0°13 | — 0°28 | o714] O715 | 0°07] Ovor 0°07 | 0°00 0°00 

3 — o°'1F | — o*41 | — 0°30 0°19 O°4I 0°20 | o-22/ OU! ‘ol Ovrr 0°00 0°00 

4 — o*15 | —- 0°54 | —- o7g0 | — 0°26 | — 0°§5 | 0°27 | o-29 | O15 Oo! 0°15 | 0°00 0°00 

5 — 0°18 | — 0°68 | — o50 | — 0°32 | — 0°69 | 0°34] 0°37 | 018] ovor 0°18 | 0°00 0°00 

6 — 0°22 | — o*81 | — o'§9 | — 0°39 | — 0°83 | 0°41 0°44 | 0°22 | 0°02) 0°22 | 0°00 0°00 

7 — 0°25 | — 0°95 | — 0°69 | — 0°45 | — 0°97 | 0°47] 0°51 0°25 0°02 | 0°26 | 0°00 0°00 

8 — o°29 | — 1°08 | — 0°79 | — 07692] — III 0°54 | 069 | 0°29 | 0°02 | 0°29] 0-00 0°00 

9 — 0°33 | — 1°22] —- 0°89 | — 0°68 | — 1°24] O°61 0°66 | 0°33 | 0°02 | 0°33] 0°00 "0°00 
10 — 0°36 | — 1°35 | — 0799 | — 0°65 | --- 1°38 | 0°68 | 0°73 | 0°36 | 0°03 | 0°37 0°00 0°00 
20 — 073 | — 2°71 | — 1°98 | — 1°30 | — 2°76 1°35 1°46 | 0°73 | 0°05 | 0°73] Ovor 0°00 
30 — 1°09 | — 4°06 | — 2°97 | — 1°95 4°15 2°03 | 2°20 1:09 | 0°08 1°10 | O°O1 0°00 
40 — 1°45 | — 5°42 | — 3°97 | — 2°60 | —-- 5°53 2°71 2°93 145 | oul 1°46 | o-or | — ovor 
50 — 181 | — 6°77 | — 4°96 | — 3°25 | — 6°9I 3°39 3°66 1°31 0°14 1°83 0°02 | — Ovo! 
60 — 2°18 | — 813 | — 5°95 | — 3°90 | — 829 | 4°06] 4°39 | 2:18 | 0°16 2°20 | 0-02 | — ovo! 
7o | — 254 | — 948 | — 694 | — 4°55 | — 9°67 | 4°74] 5:12] 2°54] O19! 2:56] 0-02! — oor 
80 — 2°90 | —10°84 | — 7°93 | — 5°20 | —11°06 | 5°42 5°86 2°90 | 0°22 2°93 0°02 | — ovo! 
go — 3°27 | —12°1I9 | — 8:92] — 5°85 | —12°44 | 6°10 | 6°59 3°27 0°25 3°29 | 0°03 rohed | 
100 — 3°63 | —13°55 | — 9°92 | — 6°50 | —13°82 6°77 7°32 3°63 | 0°27 3°66 | 0°03 | — ovor 
Ito — 3°99 | —14°90 | —IO‘gr | — 7°15 | —15°20 | 7°45 8:05 3°99 | 0°30] 4°03] 0°03 | -— 0°02 
120 — 4°36 | —16°25 | —1I1°90 | — 7°80 | —16°58 | 8:13] 8:78] 4:36{ 0°33] 4°39 | 0°04 | — oro2 
130 — 4°72 | —17°61 | —12°8g | — 8°45 | —17°96 8°80 | 9°52 4°72} 0°36} 4:76] o-'o4 | 0°02 
140 — 5°08 | —18°96 | —13°88 | — 9°10 | —19°3§ | 9°48 | 10°25 | 5:08 | 0°38] §:12| o'04 | — 0-02 
150 — 5°44 | —20°32 | —14°87 | — 9°7§ | —20°73 | 10°16 | 10°98 5°44 O'41 5°49 0-05 | — 0°02 
160 — §°81 | —21°67 | —15°87 | —10°40 | —22-rr | 10°84 | 11°71 | 5°81 | 0°44 | 5°86! 0-05 | — 0-02 
170 — 6°17 | —23°03 | —16°86 | —I1°05 | —23°49 | 1I°51 | 12°44 6°17 0°47 6:22 0°05 | — 0°03 
180 6°53 | —24°38 | —17°85 | —11°70 | —24°87 | 12°19 | 13°18 6°53 0°49 6°59 0°06 0°03 
190 — 6°90 | —25°74 | —18°84 | —12°35 | —26°26 | 12°87 | 13°91 6:90 | 0°52] 6:95 | 0°06 | — 0°03 
200 — 7°26 | —27°09 | —19°83 | —13°00 | —27°64 | 13°55 | 14°64 7°26 0°55 7°32 0°06 | — 0°03 
210 — 7°62 | —28°45 | —20°82 | —13°65 | —29°02 | 14°22 | 15°37 7°62 | 0°57 7°69 | 0:06 | — 0°03 
220 — 7°98 | —29°80 | —21°82 | —14°30 | —30°40 | 14°99 | 16°10 7°98 | 0°60 8°05 0°07 | — 0°03 
230 — 8°35 | —3r°k5§ | —22°8r | —14°95 | —31°78 | 15°58 | 16°84 | 8°35 0°63 | 842 | 0°07 | — 0°03 
240 — 8°71 | —32°51 | —23°80 | —15°60 | —33°17 | 16°25 | 17°57 8-71 0°66 8:78 | o'07 | — o-04 
250 — 9°07 | —33°86 | —24°79 | —16°25 | —34°55 | 16°93 | 18°30 | 9°07] 0°68] 9°15 | 0°08 | — 0°04 
260 | — 9°44 | —35°22 | —25'78 | —16°90 | —35°93 | 17°61 | 19°03 | 9°44! O-71 | 9°52] 0-08 | — 0-04 
270 | - 9°80 | —36°57 | —26°77 | —17°55 | —37°31 | 18°29 | 19°76 | 9°80 | 0°74] 9°88 | 0-08 | — or04 
280 —10°16 | —37°93 | —27°77 | —18:20 | —38°69 | 18°96 | 20°50 | 10°16 0°77 | 10°25 0°09 | — 0°04 
290 —10°§2 | —39°28 | —28°76 | —18°85 | —40°08 | 19°64 | 21°23 | 10°52 | 0°79 | 10°61 | og | — 0°04 
300 —10°89 | —40°64 | —29°75 | —19°50 | —41°46 | 20°32 | 21°96 | 10°89 | 0°82 | 10°98 | 0-09 | — 0°04 
310 —11°25 | —4I°99 | —30°74 | —20°1§ | —42°84 | 21°00 | 22°69 | 11°25 | 0°85 | 11°35 | O-10 | — or05 
320 —11-61 | —43°34 | —31°73 | —20°80 | —44°22 | 21°67 | 23°42] 11°61 o°88 | 11°71 O10 | — 0°05 
330 —11°98 | —44°70 | —32°72 | —21°45 | —45°60 | 22°35 | 24°16] 11°98 | O'go | 12°08 | o*10 | — 0-05 
340 —12°34 | —46°05 | —33°71 | —22-10 | —46°98 | 23°03 | 24°89 | 12°34 | 0°93 | 12°44 | O-11 | — 0°05 
350 —12°70 | --47°41 | —34°71 | —22°75 | —48°37 | 23°70 | 25°62] 12°70 | 0°96 | 12°81 O-Ir | — 0°05 
360 | —13°07 | —48-76 | —35°70 | —23°40 | —49°75 | 24°38 | 26°35 | 13°07 | 0°99 O-IT | — 0°05 


13'18 


Month. 


Dec. 


Jan. 

Feb. 
Mar. 
Apr. 
May 
June 
July 

Aug. 


Sept. 


Oct. 


Nov. 


Dec. 





N= the mean longitude of the moon's ascending node. 
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TABLE 6.— Values of N, I, and P for Greenwich midnight, beginning each month, from 1850 to 1949. 


| 
| 
° 

| 146201 
144°559 

| 143°076 

| 141435 

| 139°846 
1 38°205 
136°616 
134°974 
1 33°333 
131°744 
1 30°103 
128514 


126°372 
125°231 
123°748 
122°107 
120°518 
118:°876 
—117°288 
115 646 
114°005 
112°416 
110°774 
109186 


107 °544 
105 "903 
104367 
102°726 
101°137 
99°495 
97°9°7 
96°265 
94°624 
93°935 
91°393 
89°S805 


88°163 
86°5 22 
3$5°039 
83°397 
81°809 
80°167 
78°578 
76°937 
75°295 
73°797 
72°065 
70°476 


68°38 34 
67°193 
65°710 
64°069 
62°480 
60°838 
59°250 
57°608 
55°967 
54°378 
52°736 
51148 


a 














252°587 
256°198 
259°475 
263°107 
266°626 
270°281 
273°799 | 
277°451 
281°107 
284°651 
288° 316 











P | N | 
ee | 
° a) 
91°861 || 49°506 
95015 || 47°865 
97°875 || 46-382 
TO1'°049 | 44°741 
104°135 | 437152 
107°335 || 41-510 
110°442 |, 39°922 
ee oe 
T10"90O |, = 36°639 
120041 || 35°050 
123°301 | 33°408 
126°468 31-820 
129°753 || 30°178 
133°047 || 28°537 
136°034 || 27:001 
139°353 || 25+360 
142°575 || 23°77! 
145‘918 | 22°129 
149°164 , 20°54! 
1§2°528 . 18-899 
155°905 | 17°258 
1§9°183 || 15§°669 
162°§82 | 14°027 
| 165°882 | 12°439 
169°301 ,, 10°797 
172°732 9'156 
175°951 | 7°673 
179°401 || 6°032 
182°750 | 4°443 
186:221 | 2-801 
189°588 || 1°213 
193°076 | 359°57! 
196°574 || 357°930 
199°968 || 356°341 
203°484 |) 354°699 
206°895 || 353°111 
210°426 || 351°469 
21 3°966 |! 349°828 
2177172 || 348°345 
220°727 |! 346*704 
224°174 || 345°115 
227°746 || 343°473 
231°207 | 341°885 
234°790 || 340°243 
238° 382 || 338°602 
241°863 || 337°O13 
245°467 |, 335°371 


| 248°g60 | 333°783 


332° 149) 
330°499 | 
329°016 
327°375 
325°786 
324°144 
322°5§56 
320°914 | 
319°273 | 
317°684 | 
316°042 | 


1855 


27°066 
27°162 
27°247 
27 °339 
27°424 
27°509 
27°589 
27 °669 
27°746 
27°817 
27888 
27°952 
1856 


28017 
28:078 
28°132 
28°187 
28:237 
28-285 
28-329 
28-370 
28°408 
28-443 


28°474 
28°50! 


1857 
28-526 
28°547 
28°563 
28°578 
28°589 
28-597 
28°601 
28°602 
28°599 
28°593 
28°583 
28°571 


1858 


28°555 
28°5 35 
28°514 
28°487 
28°458 
28°424 
28° 389 
28°349 
28° 306 
28°260 
28°211 
28°159 


1859 


28°102 
28°043 
27°986 
27°920 
27°85 3 
27°781 
27°799 
27°629 
27°549 
27°468 
27°380 


a — 


P 


299°217 
302°542 
306°226 
399°794 
313°485 
317°059 
320°756 
324°456 
328°038 
331°744 
335°331 | 


° 
295 °540 


339°040 


1 
| 


N 


3 | O aa | 71 
309°635 
307 994 
306°405 
304°763 
303°175 
301 °5 33 
299°892 
298-303 
| 296°661 
295073 


° 
312°812 
| 


} 


| 293°431 


v4 


1860 


27°201 
27°105 
27°O14 
26°913 
26°813 
26°707 
26°603 
26°49! 
26°378 
26°266 
26°149 
26°032 


1861 
25°91! 


342°752 || 291°790 | 25-787 
346°226 | 290°307 | 25°673 
349°941 || 288-666 | 25-545 


353°539 
357°258 
0'855 


8-303 | 


11909 | 
15-633 | 


| 287°077 
| 285-435 


! 


25°419 
25°288 


283°847 | 25-159 
4°580 || 282:205 | 25-025 


| 278-975 


277 °333 


19°239 | 275°745 
er 274'103 
26°695 || 272°462 
30°064 || 270°979 
33°793 |, 269°338 
37402 | 267°749 
41'°132 |, 266°107 
44°741 || 264°519 


48°471 
52°202 
55°842 
59°542 
63°150 | 





110°709 
114°421 
117°773 
121°481 
125°067 | 
128°771 
132°353 
136°050 
139°746 
143°319 
147°008 








262°877 
261-236 
259°647 
258-005 
256°417 


254°774 
253°133 
251°650 
250°009 
248°420 
246°778 
245°190 
243°548 
241°907 
240° 318 
238°676 
237°088 


235°446 
233°805 
232°269 
230°628 
229°039 
227°397 
225 "809 
224°167 
222°526 
| 220°937 
| 219°295 





280:564 | 24-888 


24°755 
24°617 
24°481 


1862 


24°340 
24°197 
24°068 
23°924 
23°783 
23°638 
23°497 
23°350 
23'203 
23°060 
22°914 
22°771 
1863 


22°624 
22°477 
22° 345 
22°199 
22°058 
21°913 
21°774 
21°631 
21°489 
21°353 
21°214 
21°O8I 


1864 


20°945 
20°810 


20°687 
20°556 
20°433 
20° 307 
20°189 
20°068 
19°95! 
19°840 
19°728 


291°867 | 314454 27°293 | 150°575 217707 | 19°623 


—_——— a SSS ee SS ———————— ge ne eee — 


I| 














Ra OM | I | P 
1865 
° °o ° 0 
154°257 || 216-065 | 19°518 | 358°775 
157°936 || 214°424 | 19°416| = 1°933 
161°374 | 212°941 | 19°329} 94°77 
165°045 || 211°300 | 19°234 7°913 
168°594 || 209°711 | 19°146| 10°938 
172°258 || 208-069 | 19:060| 14°054 
175°797 | 206°481 | 18-980 | 17-061 
179°4§2 || 204°839 | 18-902 | 20°157 
183°102 || 203-198 | 18-828 | 23°246 
186°629 | 201609 | 18°761 | 26°223 
190°269 1, 199°967 | 18°696 | 29°294 
193°787 || 198°379 | 18-638 | 32-258 
1866 
197°415 |; 196°737 18°583 | 35°312 
201038 || 195'096 | 18°532 | 38°360 
204 °309 || 193°613 | 18-490 | 41°108 
207 "919 || 191°972 | 18-449 | 44°144 
211°410 190°383 | 18-415 | 47°078 
215-orr | 188-741 | 18°383 | 50°106 
218-489 | 187°153 | 18°359 | 53°03! 
222°076 | 185°511 | 18°338| 56-051 
225°656 | 183°870 | 18-323] 59-070 
229°115 |, 182281 | 18-314] 61-989 
232682 || 180°639 18°309 | 65-004 
236°126 |, 179'0S1 | 18°309| 67°923 
; 1867 
239°678 | 177°409 | 18-315 | 70°939 
243°221 175°768 18-326 | 74°955 
246°415 | 174°285 | 18-341 | 76-682 
249°943 | 172°644 | 18-362 | 79°676 
253°349 | 171°054 | 18-387 | 82-628 
256°860 , 169°413 | 18°419 | 85:657 
260°249 | 167°825 | 18°454| 88-591 
263°742 | 166°183 | 18°496| 91-628 
267°226 || 164°542| 18°542| 94°67! 
270°589 || 162°953 | 18-592] 97°623 
274054 | 161°311 | 18°649 | 100°679 
277°398 || 159°723 | 18-707 | 103-644 
| 1868 
280'842 | 1§8'080 | 18-774 | 106°715 
284°277 || 156°439 | 18°844 | 109°795 
287°371 || 154°903 | 18-914 | 112°686 
290°785 || 1§3°262 | 18°992 | 11£5°783 
294°079 |) 151°673 | 19°073 | 118°791 
297°473 || 1§0°031 | 19°160 | 121°908 
300°746 || 148°443 | 19°248 | 124°935 
304°117 | 146°801 | 19°343 | 128°074 
307°476 || 145°160 | 19°442 | 131°224 
310°716 || 143°571 | 19°541 | 134°283 
314°052 || 141°929 | 19°647 | 137°456 
317°270 || 140°341 | 19°752 | 140°538 
1869 
320°§82 || 138°699 | 19°864 | 143°733 
323°883 | 137°058 | 19°980 | 146°940 
326960 || 135°575 | 20°087 | 149°848 
330°237 || 133°934 | 20°208 | 153°078 
333°397 || 132°345 | 20°328 | 156°216 
336°650 || 130°703 | 20°453 | 159°472 
339°786 || 129°11S | 20°577 | 162°633 
343°O15 || 127°473 | 20°707 | 165‘o11 
346°232 || 125°832 | 20°840} 169°205 
349°332 || 124°243 | 20°970| 172°399 
352°§26 || 122°601 | 21°106 | 175°715 
I21°O13 | 21°240| 178'934 





355°605 | 





/ — the inclination of the lunar orbit to the plane of the earth’s 


equator, =the mean longitude of the lunar perigee measured from the intersection of moon’s orbit with the plane of the 
earth’s equator. 


§. Ex. 8, pt, 2——14 
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TABLE 6.— Values of N, I, and P for Greenwich midnight, beginning cach month, from 1850 to 1949—Continued. 








Month. N 
° 

Jan. 1 | r19°371 
Feb, 1 | 117-730 
Mar. I | 116°247 
Apr. I | 114°606 
May 1 | 113-017 
June 1 | 111°375 
July 1 | 109-787 
Aug. I | 108-145 
Sept. 1 | 106-504 
Oct. I | 104-915 
Nov. I | 103°273 
Dec. 1 | 101-685 
Jan. 1 | 100-043 
Feb. 1 | 98-402 
Mar. 1 | 96-919 
Apr. 1 | 95:278 
May 1 | 93-689 
June I | 92°047 
July 1 | 90-459 
Aug. 1 | 88-817 
Sept. 1 | 87-176 
Oct. 1 | 85°587 
Nov. 1 | 83945 
Dec. 1 | 82-357 
Jan. 1 | 80-715 
Feb. I | 79°074 
Mar. 1 | 77°538 
Apr. 1 | 75°897 
May 1 | 74°308 
June 1 | 72°666 
July 1 | 71-078 
Aug. I | 69°436 
Sept. I | 67°795 
Oct. 1 | 66°206 
Nov. 1 | 64°564 
Dec. 1 | 62°976 
Jan. 1 | 61°333 
Feb. 1 | §9°692 
Mar. I | 58:209 
Apr. 1 | 56°568 
May 1 | 54°979 
June 1 | 53°337 
July 1] 51°749 
Aug. I | 50°107 
Sept. 1 | 48-466 
Oct. 1 | 46°877 
Nov. 1 | 45°235 
Dec. 1 | 43°647 
Jan. 1 | 42°005 
Feb. 1 | 40°364 
Mar. 1 | 38°88r 
Apr. I | 37°240 
May 1 | 35°651 
June 1 | 34-009 
July 1 | 32°421 
Aug. I | 30°779 
Sept. 1 | 29°138 
Oct. 1 | 27°549 
Nov. 1 | 25°907 
Dec. 1 | 24°319 





ce] 
182°274 
185 °623 
188 -660 
192°032 
195-306 
198°703 
201 °997 
205 °414 
208 °839 
212°166 
215613 
218°958 


222°425 
225901 
229°050 
232°543 
235°934 
239°446 
242°853 
246-382 
249°920 
253°350 
256904 
260° 349 


263°916 
267-492 
271 °843 
274°43! 


277°910 
281°512 


285 '003 
288-615 
292°236 
295°744 
299°375 
302'893 


305 °534 
310°180 
313°478 
317°133 
321674 
324°338 
327 889 
331°560 
335°236 
338°796 
342°480 
346°047 


349°736 
353°429 
356°768 
0°465 
4°047 
7°7$2 
11°338 
15046 
18°757 
22°349 
26:066 


29663 


22°677 
21°036 


» 19°553 


17912 
16°323 
14°681 
13°093 
11°45! 
9°810 
8-221 
6°579 
4°991 


3°349 

1°708 

O°172 
358°531 
356-942 
355°300 
353°712 
352°070 
350°429 
348-840 
347°198 
345 ‘610 


343°967 
342°326 
340°843 
339° 202 
337°613 
335°971 
334°383 
332°741 
331° I00 
329°511 
327°869 
326-281 


324°639 
322°998 
321°515 
319°874 
318-285 
316°643 
31§°055 
313°413 
311°9772 
310°183 
308-541 
306953 


305 311 
303°670 
302°187 
300°546 
298-957 
297°315 
295°727 
294°085 
292°444 
290°855 
289°213 
287°625 


ae 
a 





° 
33°38! 
37100 
40°462 
44184 
47°788 
51-514 
55°120 
58846 
62°574 
66°183 
69°913 
73°521 


77°249 
80°981 
84°471 
88°203 
g1'811 
95°54! 
99°149 
102°878 
106°608 
I10°215 
113°943 
117°549 


121°273 
124°997 
128-361 
132°082 
135 682 
139°401 
142°998 
146°708 
150°426 
154°017 
157°727 
161°314 


165‘019 
168720 
172°062 
175°757 
179°33! 
183-020 
186°590 
190°273 
193°954 
197 ‘511 
201185 


204'735 


208-399 
212°059 
215°361 
219012 
222°542 
226°'184 
229°703 
233°334 
236'961 
240°464 
244080 


247°571 


285°983 


as tte 


281°165 
279°576 
277°934 
276° 346 
274°704 
273°063 
271°474 
269°832 
268°244 


266°602 
264°961 
263°478 
261°837 
260°248 
258°606 
257018 
255-376 
253°735 
252°146 
250°504 
248°916 


247°273 

245°632 
244°149 
242°508 
240°919 
239°277 
237°689 
236°047 
234°406 
232°817 
231°175 
229°587 


| 227°945 


226° 304 
224°821 
223°180 
221°SQ1 
219°949 
218°361 
216°719 
215°078 
213°489 
211°847 
210°259 


208°617 
206°976 
205'440 
203°799 
202°210 
200°568 
198°980 
197°338 
195°697 
194°108 
192°474 
190°878 


SS “SSSA, pss NED 
Ne ey 


25° 332 
25°200 
25°074 
24°939 

806 


24°667 
24°532 
24°392 
24°249 
24°11!1 
23°967 
23°828 
1881 


23°682 
23°536 
23°403 
23°257 
23°114 
22°968 
22°823 
22°678 
22°531 
22°389 
22°242 
22°102 


1882 


21°956 
21°813 
21°683 
21°54! 
21°404 
21°264 
21°131 
20°994 
20°859 
20°731 
20°600 
20°475 
1883 


20° 349 
20°226 
20°116 
19°997 
19°884 
19°772 
19°666 
19°559 
19°457 
19°360 
19°264 
19°176 
1884 
19°088 
19°004 
18*930 
18°854 
18°786 
18°719 
18°659 
18°602 
18°548 
18°504 
18°461 
18°425 


Sat | 


251° "173 
254°770 
258°128 
261°710 
265°171 
268°741 
272°188 
275°742 
279°289 
282°711 
286°244 
289°652 


293°166 

296°671 
299°829 
303°316 
306°682 
ZIO°R S51 
313°498 
316°946 
320° 386 
323°704 
327°123 
330°419 


333°815 
337°200 
340°249 
343°612 
346°856 
350°197 
353°418 
356°735 
0°040 
3°227 
6°509 
9°672 


12°930 
16°174 
19°095 
22°316 
25°422 
28°620 
31°704 
34°878 
38°04! 
41°09! 
44°23 

47°261 


§0°379 
53°489 
56°390 
59°480 
62°462 
65°535 
68°501 
71°558 
74°610 
ae 555 

80°594 
83°530 


189° 236 
187°595 
186°112 
184°47! 
182°882 
181°240 
179°652 
178°010 
176°369 
174°780 
173°138 
171°550 


169°908 
168°267 


166°784 
165°143 
163°554 
161°gI2 
160°324 
158°682 
157°04!1 
155°452 
153°810 
1§2°222 


150°579 
148°938 
147°455 
145°814 
144°225 
142°583 
140°995 
139°353 
137°712 
136°123 
134°481 
132°893 


131251 
129°610 
128°074 
126433 
124°844 
123°202 
121°614 
119°972 
118°331 
116°742 
115°I00 
113°512 


111°870 
110°229 
108°746 
107°105 
105°516 
103°874 
102°286 
100°644 
99°003 
97°414 
95°772 
94°184 


Spr t | 


20°791 
20°921 
21°056 
21°189 
21°328 
21°468 
21606 
21°748 
21°887 

1889 
22°032 
22°177 
22°309 
22°455 
22°598 
22°744 
22°887 
23°0 4 
23°! 
23° 324 
23°470 
23°612 








122°107 
125°138 
128°881 


130°920 
133°867 
136°923 
139°886 
142°954 
146°031 
149°017 
1§2°113 
155°116 


158°230 
161°355 
164°187 
167°332 
170°387 
173° 354 

176°631 
179°822 
183°025 
186°1 36 
189° 363 
192°461 


195°747 
199°02! 
202°075 
205°361 
208°553 
211°864 
215081 
218°413 
221°760 
225°909 
228°378 
231°649 


235°040 
238°442 
241°524 


REPORT FOR 1894—PART II. 


211 


TABLE 6.— Values of N, I, and P for Greenwich midnight, beginning each month, from 1850 to 1949—Continued. 


Month. ! 


Jan. 
Feb. 
Mar. 


e . °° e eo EEN . é . . « e e 7 @ 
= ed et ee eee eet me fee Oe bee bd ee oe oy lee ee ee | oe | me ome ht et et me ee eee 


ee 6f¢é8 ee. e 
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34°504 
32°863 
31°380 
29°739 
28°150 
26°508 
24°920 
23°278 
21°637 
20°048 
18°406 
16°818 


15°176 
13°535 
12°052 
10°41! 
8°822 
7°180 
5°592 
3°950 
2°309 
0720 
359°078 
357°490 


°o 
23°757 
23°903 
24°033 
24°176 
24°314 
24°456 
24°593 
24°730 
24°868 
25 ‘OO! 
25136 
25 °264 


1891 


25396 
25°526 
25'642 
25°769 
25°889 
26‘o11 
26°128 
26°246 
26° 362 
26°471 
26°583 
26°088 


1892 


26°794 
26°898 
26°993 
27 OQ! 
27185 
27°277 
27°35 
27°453 
27°537 
27-616 
27°695 
27°768 
1893 
27°841 
27°909 
27°970 
28°034 
28 093 
28°149 
28-202 
28°252 
28°299 
28° 342 
28° 382 
28418 


1894 
28°452 
28-482 
28-507 
28°531 
28°55! 
28°568 
28°582 
28°591 
28°598 
28°602 
28-601 
28°598 


=a a a SSG, |g 





° 
275°751 
279°267 
282°454 
285°988 
289°415 
292°966 
296-409 
299°974 
303°547 
307 O10 
310°597 
313°074 


317 °673 
321°278 
324°540 
328°157 
331663 
335°291 
338°808 
342°446 
346-091 
349°622 
353°276 
356°815 


0'478 

4°145 

7°579 
11°253 
14°812 
18°494 
22°06! 
25°748 
29°440 
33°016 
30°714 
40°295 


43°998 
47°793 
51°054 
54°763 
§8°355 
62°070 
65 °666 
69°383 
73° 103 


" 76°703 


80°426 
84°030 


87°754 
91°479 
94846 
98°573 
102°181 
105 "915 
109°520 
113°248 
116°979 
120°589 
124°320 
127°929 


ep SSD sr SSS a hen SSS, hn SGTSSNSSSEIG Se 


a Sy, == SSS SSNS Se Ye 


131°659 
135°388 
138°754 
142°486 
146°104 
149°822 
153°428 
1§7°153 
160°878 
164°482 
168-204 
171°805 


175°523 
179°240 
182°717 
1$6°430 
190°023 
193°733 
197°321 
201°026 
204°728 
208° 309 
212°007 
215°582 


219°273 
222°960 
226°290 
229°970 
233°529 
237 °204 
240°756 
244°421 
248°084 
251°623 
255°276 
258°3807 


262°450 
266:087 
269°370 
272°997 
276°503 
280'I20 
283°614 
287°218 
290°818 
294°294 
297879 
301°342 


304°915 
308-478 
311°692 
315 "241 
318°668 
322°203 
325°614 
329°131 
332°639 
336°026 
339°S17 
342°886 





°o 
259°154 
257°513 
256°030 
254°389 
252°800 
251-158 
249°570 
247°928 
246-287 
244°698 
243°056 
241°468 


239°825 
238°184 
236°701 
235 060 
233°471 
231°829 
230°241 
228°599 
226°958 
225369 
223°727 
222°139 


220°497 
218°856 
217°373 
215°732 
214°143 
212°501 
210°913 
209°271 
207 °630 
206041 
204°399 
202°811 


201°169 
199°528 
198°045 
196°404 
194°815 
193°173 
191°585 
189°943 
188-302 
186°713 
185:071 
183°483 


181°841 
180°200 
178-664 
177°023 
175°434 
173°792 
172°204 
170°562 
168°921 
167 °332 
165 690 
164°102 


a a SSG, pp SSS? SSC‘ SS ASSES SEEDERS 


23°017 
22°869 
22°737 
22°589 
22°447 
22°30! 
22°159 
22°015 
21°869 
21°730 
21588 
21°45! 
Igo! 
21-311 
21°172 
21-048 
20°913 
20°784 
20°62 
20°527 
20°400 
20°275 
20°156 
20°036 
19°923 
1902 
19°809 
19°698 
19°602 
19°497 
19°400 
19°302 
19'212 
19°23 
19°037 
18°958 
18°881 
18-811 
1903 
18°743 
18°679 
18626 
18°572 
18°524 
18°479 
18-441 
18°406 
18°377 
18°353 


18°334 
18°320 
1904 
18°312 
18°308 
18°310 
18°317 
18-329 
18°346 
18°369 
18°397 
18-430 
18-466 
18-510 
18'556 


° 
346°357 
349°819 
352°938 
356°380 
359°702 

3°124 
6-426 
9°826 
13°217 
16°487 
19854 
23°102 


26°447 
29°779 
32°780 
36089 
39°280 
42°567 
45°735 
49°007 
52°247 
55°380 
58°606 
61°716 


64°918 
68°107 
79°979 
74°146 
77°200 
80° 345 
83°379 
86°502 
89'616 
92°619 
95°714 
98-699 


1O1°774 
104°842 
107 ‘607 
110°660 
113°609 
116°650 
119°587 
122°617 
125644 
128°569 
131°589 
134°509 


137°525 
140°540 
143°361 
146°376 
149°296 
152°315 
155°239 
158°264 
161°296 
164°229 
167°269 
170°215 


‘: asi a = —————————— a 


162°460 
160°819 
159°336 
1§7°695 
156°106 
154°464 
152°876 
151°234 
149°593 
148°004 
146° 362 
144°774 


143°131 
141°490 
140°007 
1 38°366 
136°777 
135°135 
133°547 
131L°905 
1 30°264 
128°675 
127°033 
125°445 


123°803 
122°162 
120°679 
119°038 
117°449 
115°807 
I14°219 
112°$77 
110°936 
109°347 
107°795 
106°117 


104°475 
102°834 
101°298 
99°657 
98-068 
96°426 
94°838 
93°196 
91°555 
89°966 
88° 324 
86°736 


85°094 
83°453 
$1°970 
80° 329 
78°740 
77°098 
75°510 
73°868 
72°227 
70°638 
68°996 
67°408 


—_ oe es ed 
GS i nS 





° 
173°267 
176°328 
179°055 
182°168 
1851S! 
188-242 
191°243 
194°353 
197 °474 
200°504 
203 °645 
206°696 


209°861 
213°035 
215°915 
219°113 
222°205 
225°441 
228°570 
231815 
235°075 
238°239 
241°521 
244°709 


248°O15 
251°333 
254°341 
257°682 
260°926 
264°290 
207°557 
270°942 
274° 340 
277°638 
281°058 
284°376 


287°816 
291°266 
294°503 
297.97! 
301 °338 
304°826 
308°210 
311°715 
315°231 
318°640 
322°172 
325°597 


329°145 
332°700 
335°918 
339°488 
342°949 
346°532 
350°007 
353°603 
357°206 

0°699 

4°314 

7°819 
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TABLE 6.— Values of N, I, and P for Greenwich midnight, beginning each month, from 1850 to 1949—Continued. 


Jan. 

Feb. 
Mar. 
Apr. 
May 
June 
July 

Aug. 


-Sept. 


Oct. 


Nov. 


Dec. 


Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 


Aug. 
Sept. 


Oct. 


Nov. 


Dec. 


Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Jan. 

Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Jan. 

Feb. 
Mar. 
Apr. 
May 
June 
July 

Aug. 


Sept. 


Oct. 
Nov. 
Dec. 





be ee oe oe ee ln eo oe I ec Ee 


i a. a ee ee ee ee oe | 


a ee a a | 


-~— tt eto 


° 
65°765 
64°124 
62°641 
61°000 
59°411 
57°769 
56°18 
54°539 
52°898 
51°309 
49°667 
48°079 


46°437 
44°796 
43° 313 
41°672 
40°083 
38°441 
36°853 
35°211 
33°570 
31°98! 
30° 339 
28°75! 


27°109 
25°468 
23°932 
22°291 
20°702 
19°060 
17°472 
15°830 
14°189 
12°00 
10°958 

9.379 


7°728 
6°087 
4°604 
2°963 
1°374 
359°732 
358°144 
356502 
354°861 
353°272 
351°630 
350°042 


348°400 
346°759 
345°276 
343°635 
342°046 
340°404 
338°816 
337°174 
335°533 
333°944 
332°302 
330°7 14 


28°602 
28°599 
28°594 
28°584 
28°572 
28°557 
28°537 
Igl4 
28°514 
28°488 
28°461 
28°428 
28°393 
25° 354 
28°312 
28°205 
28°216 
28°164 
28°108 
28°05! 


90°770 
94°362 


98°074 
IOI*790 
105°268 
108°986 
112°586 
116°308 
ITQ*QII 
123°635 
127°361 
130°966 
134°695 
138°302 


142°032 
145°760 
149°130 
152°858 
156°468 


182°215 


185°944 
189°670 
193°036 
196°761 
200° 364 
204°088 
207 °689 
211°408 
215§°127 
218°723 
222°438 
226°031 


329°071 
327°430 
325°947 
324°306 
322°717 
321°0O75 
319°487 
317°845 
316°204 
314°615 
312°973 
311°385 


309°743 
308° 102 
306°566 
304°925 
303°336 
301°694 
300°106 
298'464 
296°823 
295°234 
293°592 
292°004 


290° 362 
288°721 
287°238 
285°597 
284°008 
282° 366 
280°778 
279°136 


271°034 
269°393 
267°910 
266°269 
264°680 
263°038 
261°450 
259°808 
258°167 
256°578 
254°936 
453°348 


251°706 
250°065 
248°582 
246°941 
245°352 
243°710 
242°122 
240°480 
238°839 
237°250 
235°608 
234°020 


1915 


° 
27°988 
27°922 
27°860 
27°788 
27°716 
27°638 
27°559 
27°476 
27°389 
27°302 
27°210 
27°118 


1916 


27°02] 
26°919 
26°823 
26°718 
26°613 
26°502 
26° 393 
26°277 
26°160 
26°044 
25°923 
25°803 


1917 


25°677 
25°549 
25°432 
25°301 
25°173 
25°038 
24°906 
24°769 
24°63! 
24°495 
24°354 
24°215 
1918 


24°073 
23°929 
23°798 
23°652 
23°510 
23°364 
23°223 
23°075 
22°929 
22°785 
22°638 
22°496 


1919 
22° 350 
22°204 
22°072 
21°927 
21°788 
21°645 
21°507 
21°366 
21°228 
21°094 
20°958 
20°828 


SRS Sens =a SSS, 


° 
229°741 
233°449 
236°797 
240°500 
244°082 
247°781 
251°357 
255°049 
258°739 
262°307 
265°990 
269°550 


273°224 
276°897 
280°328 
283°99! 
287°532 
291°187 
294°719 
298° 365 
302°005 
305°$23 
309°153 
312°661 


316°280 
319°892 
323°151 
326°751 
330°230 
333°819 
337°284 
340°858 
344°426 
347°871 
351°424 
354°853 


358°389 
1°Q17 
5°097 
8°608 
TI"999 
15°493 
18°866 
22°341 
25°807 
29°152 
32°599 
35°924 


39°350 
42°765 
45°841 
49°235 
52°508 
55°88! 
59°133 
62°482 
65°820 
69°038 
72°353 
75°548 


co] 
232°377 
230°736 
229°200 
227°559 
225°970 
224°328 
222°740 
221°098 
219°457 
217°868 
216°226 
214°638 


212°996 
211°355 
209°872 
208°231 
206°642 
205000 
203°412 
201°770 
200°129 
198°540 
196°898 
195°310 | 


193°668 
192°027 
190°544 
188°903 
187°314 
185°672 
184°084 
182°442 
180°801 
179°212 
177°570 
175°982 


172°699 
171°216 
169°575 
167°986 
166° 344 
164°756 
163°114 
161°473 
159°884 
1§8°242 
156°654 


155°O11 
153°370 
1§1°834 
1§0°193 
148°604 
146°962 
145°374 
143°732 
142°09! 
140°502 
138°860 
137°272 


174°340 


1920 


° 
20°695 
20°565 
20°446 
20°318 
20°201 
20°080 
19°966 
19°851 
19°739 
19°634 
19°528 
19°430 

1921 


19°332 
19°237 
19°155 
19°068 
18°988 
18-909 
18°837 
18°767 
18°702 
18°643 
18°588 
18°538 


1922 


18°492 
18°451 
18°418 
18°386 
18° 361 
18° 340 
18°325 
18°315 
18°309 
18°309 
18°315 
18° 324 
1923 
18°340 
18°361 
18°385 
18°415 
18°450 
18°491 
18°534 
18°587 
18°643 
18°701 
18°772 
18°3834 
1924 
18°908 
18°987 
1g°065 
19°I52 
19°239 
19°334 
19°429 
19°531 
19°636 
19°742 
19°854 
19°965 


—_—_—_———— en nn TL oo OU ee eee ee eee eee ee  _,——e 


° 
78°837 
82°115 
85°171 
88°425 
gI°562 
94°793 
97°907 

IOI°I12 
104°307 
107°387 
110°558 
113°616 


116°765 
119°g02 
122°727 
125°843 
128°850 
131°948 
134°937 
138°016 
141°087 
144°052 
147°107 
150*058 


153°099 
156°136 
158°875 
161°903 
164°829 
167°850 
170°771 
173°787 
176°803 
179°72! 
182°737 
185°655 


188°674 
190°695 
194°426 
197°453 
200° 387 
203°425 
206° 368 
209°417 
212°473 
215°437 
218°508 
221°488 


224°575 
227°673 
230°580 
233°696 
236°714 
239°860 
242°907 
246°067 
249°238 
252°318 
255°513 
258°616 


1925 


13 5°630 20°08 3 
1 33°989 | 20°204 


132°506 
1 30°865 
129°276 
127°634 
126°046 


124°404 


122°763 
121°174 
119°532 
117°944 


116°302 
114°66! 
113°178 
111°537 
109°948 
108° 306 
106°718 
105°076 
103°435 
101°846 
100°204 

98°616 


96°974 
95°333 
93°850 
92°209 
go'620 
88°978 
87°390 
85°748 
84°107 
82°518 
80°876 
79°288 


77°646 
76°005 
74°469 
72°828 
71°239 
69°597 
68°009 
66°367 
64°726 
63°137 
61°495 
59°907 


§8°264 
§6°623 
55°140 
53°499 
51°gto 
50°268 
48°680 
47°038 
45°397 
43° 
42°166 
40°578 


20°315 
20°44! 
20°564 
20°695 
20°822 
20°957 
21°093 
21°226 
21°365 
21°502 


1926 


21°644 
21°787 
21°916 
22°062 
22°203 
22°348 
22°490 
22°637 
22°784 
22°927 
23°97 4 
23°217 
1927 
23°363 
23°510 
23°64! 
23°787 
23°927 
24°O72 
24°210 
24°353 
24°494 
24°629 
24°768 
24°902 
1928 


25°037 
25°172 
25°296 
25°427 
25°552 
25°680 
25 °802 
25°926 
26°047 
26°163 
26°280 
26°393 
1929 
26°505 
26°616 
26°714 
26°819 
26°919 
27°020 
27°114 
27°210 
27°302 


8 | 27°388 


27°475 
27°556 





261°8 33 
265°064 
267°992 
271°245 
274°406 
277°684 
280°868 
284°169 
287°483 
290°701 
294°039 
297°280 


300°641 
304°012 
307 °068 
310°461 
313°756 
317°171 
320°486 
323°922 
327°368 
330°7 52 
334°179 
337°54! 


341°028 
344°521 
347°686 
351°196 
354'602 
358°131 
1°553 
5°096 
8°649 
12°004 
15°662 
Ig*I21 


22°701 
26°290 
29°653 
33°253 
36°744 
40° 356 
43°859 
47°483 
§1°113 
54°631 
58°272 
61°800 


65°450 
69°104 
72°409 
76°072 
79°622 
83°294 
86°851 
90°529 
94°212 
97°779 
101°469 
105 °042 
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TABLE 6.— Values of N, I, and P for Greenwich midnight, beginning each month, from 1850 to 1949—Continned. 


saree ea 


Month. 


June 
July 


eo. eee ¥ 
ee a Ne oe ee oe | 


e oe » ee of 
o-oo me ee oe et tt et 


ze 
oe et pee ee ee ee ett ed et et 


e ee 
= oe ope et et ot eee et 


wv / |» 


323°213 


321°570 
319°929 
318°446 
316°805 
315°216 
313°574 
311°98 
310°344 
308°703 
307°114 
305°472 
303°884 


ec a ae atl 
rn ESSE? s«é«ié‘ié«*é«s | SR 


108°738 
112°436 
115°780 
119°483 
123°069 | 
126°778 
1 30°368 
134°081 
137°796 
141°392 
145‘11! 
148°710 


152°432 
156°154 
159°519 
163°243 
166°849 
170°576 
174°184 
177912 
181°642 
185°250 
188°980 
192°674 


196°319 
200°050 
203°539 
207 °268 
210°877 
214°607 
218°216 
221°943 
225°671 
229°277 
233°003 
236°607 |; 


240° 330 
244°052 
247°412 
251°131 
254°728 
258°444 
262°037 
265°748 
269°458 
273°045 
276°750 
280°333 


284°032 
287°728 
291°065 
294°755 
298° 323 
302°007 
305°579 
309°246 
312°grg 
316°470 
320°136 
323°678 


302'242 
300°601 
299°118 
297°477 
295 °888 
294°246 
292°658 
291°016 
289°375 
287°786 
286°144 
284°556 


282°914 
281°273 
279-737 
278096 
276°507 
274°865 
273°277 
271°635 
209°994 
268°405 
266°763 
265°175 


263°533 
261°892 
| 260°409 
| 258°768 
, 257°179 
' 255°537 
253°949 
252° 307 
250°666 
249°077 


| 247°435 


245°847 


244°205 
242°504 
241°O8i 
239°440 
237°851 
236°209 
234°621 
232°979 
231°338 
229°749 
228°107 
226°519 


224°876 
223°235 
221°752 
220°111 
218°522 
216°880 
215°292 
213°650 
212°009 
210°420 
208°778 
207°190 





f 


°o 

327°333 
330°985 
334° 250 
337°922 
341°44! 
345°074 
348°584 
352°204 
355°820 
359°313 

2°916 

6° 396 


9°987 
13°570 
16°916 
20°486 
23°934 
27°489 
30°922 
34°462 
37°992 
41°402 
44°917 
48°310 


51°807 
55°294 
58°437 
61°g06 
65°254 
68°704 
72°033 
75°463 
78°882 
82°180 
85°579 
88°855 


92°231 

95°594 

98°623 
101°965 
105°187 
108°506 
ITI°7O5 
115 ‘000 
118°283 
121°447 
124°706 
127°847 


131°082 
134°303 
137°203 
140°402 
143°487 
146°662 
149°725 
1§2°877 
156°019 
159°049 
162°179 
165°180 


| | 


| 


N | f | P 


205548 
203°907 
202° 371 
200°7 30 
199°I4I 
197°499 
195°911 
194°269 
192°628 
IQI‘039 
189°397 
187°809 


186°167 
184°526 
183°043 
181°402 
179°813 
178171 
176°583 
174°94! 
173° 300 
71°70 
170°069 
168°481 


| 166'839 


165198 
163°715 
162°074 
160°485 
158°843 
1§7°255 
155°613 
153°972 
152°233 
150°741 
149°153 


147°510 
145 °869 
144°386 
142°745 
141°156 
139°514 
137°926 
136°284 
134°643 
133°054 
131°412 
129°824 


128°182 
126°541 
125005 
123°364 
121°775 
120°1 33 
118°545 
116°903 
11§°262 
113°673 
112°03! 
110°443 


1940 


ed 
18°935 


18°859 
18°793 
18°725 
18°665 
18°607 
18°556 
18°509 
18°465 
18°429 
18°396 
18° 369 
1941 
18° 346 
18°328 
18°317 
18°311 
18° 308 
18°312 
18°320 
18° 333 
18°353 


18°377 
18-406 


18°440 | 


1942 
18°479 
18°523 
18°568 
18°621 
18°679 
18°742 
18°808 
18°881 
18°958 
19°036 
1g°122 
19°208 


1943 


19°302 
19°399 
19°490 
19°594 
19°698 
19°808 
19°920 
20°036 
20°15 5 
20°274 


20°399 
20°5§22 


1944 
20°651 
20°783 
20°908 
21°043 
21°176 
21°355 
21°450 
21°592 
21°734 
21°873 
22°018 
22°158 


168° 280 |, 
171°372 
174°256 
177°329 
180°296 
183°355 
186° 308 
189°352 
192°392 
195°327 
198° 356 
201°284 


248°719 
251°680 
254°749 
257°725 
260°809 
263°904 
266°907 
270°021 


27 3°043 


276°178 
279° 322 
282°173 


285°339 
288°415 


291°605- 


294°703 
297°916 
301141 
304°275 
307°524 
310°681 


313°946 
317° 241 
320° 325 
323°634 
326°849 
330°182 
333°419 
336°775 
340°143 
343°413 
346°803 
350°094 


| 


31°435 


28°311 
26°670 
25°08! 
23°439 
21°85! 
20°209 
18-568 
16°979 
15°337 
13°749 


ae 


°o 

353°506 
356°928 
0°029 
3°470 
6°811 
10°275 
13°634 
17115 
20°606 
23°993 
27°502 
30°905 


34°431 
37°95 
41°164 
44°714 
48°155 
§1°721 
55°177 
§8°755 
62°340 
65°817 
68°416 
72°904 


76°51 
80°132 
83°404 
87°03! 
90°547 
94°186 
97°712 
101°360 
105013 
108°552 
I12°215 
11§°762 


119°433 
123°107 

126°548 
130°228 
133°795 
137°494 
141°0$5 
144°750 
148°447 
152°028 
155°731 
159°316 


163°025 
166°737 
170°088 
173°801 
177°397 
IBI°1rs 
184°714 
188°433 
192°157 
195°760 
199°486 
203091 
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TABLE 7.— Values of I, v, &, v', and 2 v'', corresponding to each half degree of N. 





N ZI y £ y! api! N N vf N 

aa en ie ee ee ee ee ee ee ee ° 
0°0 | 28°602 | 0°000 | 0°000 | 0°000| 0°000 | 360°0 || 30°0 | 28°024 | 5° 330°0 
0°§ | 28°602 | o°094 | 0°084 | 0°067| 0°143 | 359°5 || 30°5 | 28°005 | 5° 329°5 


1°o | 28°601 | 0°188 | o*169 | 0°134| 0°285 | 359°0 |] 31°o | 27°985 §°651 : : : 329°0 
1°5 | 28°600 | 0°28: 0°253 | o°201 | 0°427 | 358°5 || 31°5 | 27°965 : : y 328°5 


2°0 | 28°599 | 0°375 0°337 | 0°268| 0°569 | 3580 |} 32°0 | 27°945 328-0 
2°§ | 28°598 | 0°468 | 0-421 | 0°335| O°711 | 357°5 |] 32°5 | 27°925 5°907 : ; : 327°5 
3°70 | 28°596 | 0°562 | 0°506 | 0°402/} 0°853 | 357°O || 33°0 | 27°904 | 5°992 : : : 327°0 
3°5 | 28°594 | 0°656 | 0°590 | 0°469| 07995 | 356°5 || 33°5 | 27°884 | 6°077 : : 326°5 
4°0 | 28591 | 0°749 | 0°674 | 0°536| 1°137 | 356°0]| 34°0 | 27°862 6°162 : : : 326°0 


4°5 | 28°589 | 0°843 | 0°758 | 0°603| 1°279 | 355°5 || 34.5 | 27°841 6°246 : ‘ ; 325°5 
570 | 28°585 | 0°936 | 0°842 | 0°670/] 1°421 | 355‘0 || 35°0 | 27°819 | 6°330 ; : : 325°0 
5°5 | 28°582 | 1030 | 0°926 | 0°737| 1°563 | 354°5 || 35°5 | 27°797 ; : : 324°5 
670 | 28578 | 1°123 ro1o | 0°804| 1°705 | 354°0 || 36°0 | 27°775 324°0 
6°5 | 28°574 | 1°217 1094 |0°871 | 1°847 | 353°5 || 36°5 | 27°752 323°5 
7°70 | 28°570 | 1°310 1°178 | 0°938| 1°98 9 | 353°0 || 37:0 | 27°729 323°0 
7°5 | 28°565 | 1°403 1°262 | 1°004] 2°130 | 352°5 || 37°5§ | 27°706 322°5 
8:0 | 28°560 | 1°496 1°346 | 1°070| 2°271 | 352°0 || 38°0 | 27°682 322°0 
8°5 | 28°555 | 1°590 1430 | 1°137] 2°413 | 351°5 |} 38°5 | 27°658 321°5 
go | 28°549 | 1°683 I°S14 | 1°203]} 2°554 | 351°O || 39°0 | 27°634 321°0 
9°5 | 28°543 | 1°776 1598 | 1°270) 2°695 | 350°5 || 39°5 | 27°610 320°5 
10°0 | 28°537 | 1°869 1681 | 1°337| 2°836 | 350°0|| 4go'o | 27°585 320°0 
10°5 | 28°530 | 3°962 | 1°765 | 1°403| 2°977 | 349°5 || 40°5 | 27°560 319°5 
Ir°o | 28°523 | 2°054 1°848 | 1°469] 3°117 | 349°0 || 41°O | 27°535 319°0 
1n°5 | 28°516 | 2°147 1°932 | 1°535| 3°257 | 348°5 ll 41°5 | 27°510 318°5 
12°0 | 28°508 | 2°240 2°015 | 1°601 | 3°397 | 3480 | 42°0 | 27°484 318°0 


12°5 | 28°500 | 2°332 | 2°099 | 1°667| 3°536 | 347°5 || 42°5 | 27°458 317°5 
1370 | 28°492 | 2°424 | 27182 | 1°733| 3°676 | 347°0|| 43°0 | 27°432 317°0 
13°5 | 28°483 | 2°517 | 7°265 | 1°799) 3°816 | 346°§ |) 43°5 | 27°405 316°5 
14:0 | 28°475 | 2°609 | 2°348 | 1°864/ 3°955 | 346°0]| 44°0 | 27°378 316°0 
14°§ | 28°465 | 2°701 | 2°431 | 1°930] 4°094 | 345°5 || 44°5 | 27°351 315°5 


15°0 | 28°456 | 2°793 2°514 | 1°996| 4°233 | 345'0 || 45°0 | 27°324 315°0 
15°5 | 28°446 | 2°885 2°596 | 2°061 | 4°372 | 344°5 || 45°5 | 27°296 314°5 
16°0 | 28°436 | 2°977 2°679 | 2°127| 4°510 | 334°0|| 46°0 | 27°268 314°0 
16°5 | 28°425 | 3°068 | 2°762 | z"192| 4°648 | 343°5 | 46°5 | 27°240 313°5 
17°70 | 28°414 | 3°160 2°844 | 2°257| 4°786 | 343°0|| 47°O | 27°212 313°0 


17°5 | 28°403 | 3°25 2°927 | 2°322) 4°923 | 342°5 || 47°5 | 27°183 312°5 
18°0 | 28°392 | 3°342 | 3°009 | 2°387] 5°060 | 342°0|/ 48°0 | 27°154 312°0 
185 | 28°380 | 3°433 | 3°091 | 2°452|] 5°197 | 341°5 || 48°5 | 27°125 3115 
19°0 | 28°368 | 3°524 | 3°173 | 2°517| 5°334 | 341°0|| 49°0 | 27°095 3110 
19°5 | 28°356 | 3°615 | 3°255 | 2°581 |) 5°471 | 340°5 |] 49°5 | 27°066 310°5 


200 | 28°343 | 3°705 | 3°337 | 2°646| 5°607 | 340°0 || Su°0 | 27°036 310°0 
20°5 | 28°330 | 3°796 | 3°418 | 2°710) §°743 | 339°5 || 50°5 | 277006 309°5 
21-0 | 28317 | 3°886 | 3500 | 2°774| 5-878 | 339°0|] 51-0 | 26-975 309°0 
21°5 | 28°303 | 3°976 | 3°581 | 2°838|] 6:013 | 338°5 || 51°5 | 26°944 
22°0 | 28°289 | 4°066 | 3°662 | 2°902| 6°148 | 338°0|| 5§2°0 | 26°913 308°0 
22°§ | 28°275 | 4°156 | 3°743 | 2°966| 6°282 | 337°5 || 52°5 | 26°882 307°5 
23°0 | 28°260 | 4°245 3°824 | 3030} 6°416 | 337°0]] 53°0 | 26°85) 307°0 
23°5 | 28°245 | 4°335 | 3°905 | 3°093| 6°550 | 336°5 || 53°5 | 26°819 
24°O | 28230 | 4°424 | 3°985 | 3°156| 6°683 | 336°0|/ 54°0 | 26°787 306°0 
24°5 | 28°215 | 4°513 | 4°066 | 3219] 6°816 | 335°5 || 54°5 | 26°755 395°5 
25°0 | 28°199 | 4°602 | 4°146 | 3°282| 6°948 | 335°0}| 55°0 | 26°723 305°0 
25°5 | 28°183 | 4°690 | 4°226 | 3°345| 7°080 | 334°5 || 55°5 | 26°690 304°5 
26:0 | 28°166 | 4°779 | 4°306 | 3°408| 7°212 | 334°0 || 56°0 | 26°657 304°0 
26°5 | 28149 | 4°867 | 4°386 | 3°471| 7°343 | 333°5 | 56°5 | 26°624 303°5 
27°0 | 28°132 | 4°955 | 4°466 | 3°534] 7°474 | 333°0 || 57°0 | 26°S9x 393°0 
302°5 
302°0 


27°5 | 28115 | 5°043 | 4°545 | 3°596| 7°604 | 332°5 | 57°5 | 26°557 
28°0 | 28°097 | 5°130 | 4°624 | 3°658] 7.734 | 332°0|/ 58°0 | 26°523 
28-5 | 28-079! 5-218 | 4°703 | 3-720} 7°863 | 331°5 || $8°5 | 26°489 301"S 
29°0 | 28°061 | 5°305 4°782 | 3°781 | 7°992 | 331°0 || 59°0 | 26°455 301°o 
29°§ | 28°043 | 5°391 | 4°861 | 3°842] 8:121 | 330°5 || 59°5 | 26°421 300°5 
30°0 | 28°024 5§°478 | 4°939 | 3°903| 8°249 | 330°0 || 60°0 | 26°386 | 10°068 . : ’ 300°0 


| 





= 


See Tables 1 and § for explanation of symbols. / is always positive; », £, »’, and 21// are positive when Vis between 0° 
and 180°, and negative when / is between 180° and 360°. Vis the longitude of ‘the moon’s ascending node. 

“(Ji — u(K,)=— v’; #(Ke)=— 20”; « (Ly) = 2&—2y—R,; see Table 8 for Rk; «(Mi)=—§--»¥+ OQ; 
see Table 9 for Q; (Me) =2£ —29; wu (Ms) = 3€—3%; #(M4)—=4&—4»; uw peas amd sz (M,) = 8 € — 8»; 
(Ny) = 2 —2v=u(Mg); «(2 N) = 2£--2¥= mu (Mg); oy a fg (OO) =— 2€—v; u(Pi) = 0; #(Q,) = 
2€—v=-2(0,); Hear O; %@ (Si,e.354) = 0; 4 (T2) =O; 26 (Ag) == 26 (pee) = *) )=2§—2v=(Me); «(MK)—2é — 
2y— v’ =u (M,) + 4(K,); a Seca a oa Te at a a N)=4&—4v= sA(M. jy w(MS\ a2 2 
2v=u(Ms); «(2 MS) 46 4 nM); “(2SM)=—2€+ Rete wie ; wu(Mf) = —2€; «(MSf)=—2§+ 
2v—=—u(M,); «(Mm)—0; oO u (Ssa) = 0. 
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TABLE 7.— Values of I, v, 5, v', and 2 v', corresponding to each half degree of N—Continued. 


It 
II 


II 


Ilr 





-Ir 


9°918 


9°970 
10°021 
10°072 
10°123 
10°173 


10°222 
10°27! 
10°319 
10° 366 
10°414 


10°460 
10°506 
10°55! 
10°596 
10°640 


10°684 
10°726 
10°769 
10°81! 
10°852 


10°892 
10°932 
10°97I 
11°009 
11‘°047 


11°084 
"121 


157 


"192 
"227 


201 
"294 
"326 
11°358 
11°389 


II°419 
11°449 
11°478 
11°506 
11°533 


11°560 
11°§86 
Ir-611 
11°635 
11°659 
11°681 





7°724 


7°795 
7°830 


7°864 
7°898 
7°932 
7°965 
7°997 


8:029 
8-061 
8°092 
8°122 
8°152 


8°181 
8°209 
8°237 
8°264 
8°291 


8°318 
8°344 
8°370 
8°395 
8°420 


8°444 
8° 467 


8°512 
8°533 


8°554 
8°574 
8°594 
8°613 
8°631 


8-649 
8-666 
8°683 


8°700 
8°716 


8°731 
8°745 
8°759 
8°772 
8°785 
8°797 


. 
rp a SSS sp SS 


109°5 


110°O 
II0'5 
1110 
III'S 
112°0 


W12°5 


1130 
113°5 
114°0 
114°5 


1I5°0 


TI5'5 


116°0 
116°5 
117°0 


117°5 
118°0 
118°5 
11g°0 
119°5 
120°0 


13°006 
13°000 
12°992 
12°983 
12°974 


12°963 
12°95] 
12°938 
12°924 
12°909 


12°892 
12°875 
12°857 
12°837 
12°817 


12°795 
12°772 
12°748 
12°723 
12°697 


12°670 
12°642 
12°612 
12°§81 
12°550 


12°517 
12°483 
12°447 
12°41! 
12°373 
12°335 


11°68! 
11°704 
11°725 
11°745 
11°765 


11°784 
11°802 
I1'819 
11°835 
11°85! 


11°866 


11°880 


11°893 
11°905 
11°916 


11°927 
11°936 
11945 


11°953 
11°960 


11°966 
11°Q7I 
11°975 
11°979 
Ir°g81 


11°983 
11°983 
11°983 
11°982 
11°979 


11°976 
11°972 
11°967 
11°96! 
11°954 


11°946 


11°937. 


11°Q27 
1I'g16 
1I"go4 


11°89! 


11°877 
11°862 
11°846 
11°829 


rr°811 
11°792 
11°772 
11°750 


"11-728 


11°705 
11°681 
11°655 
11°629 
11°60! 


11°572 
11°543 
II°S12 
11°480 
11°447 
I1°413 


Ch | 
SS 
~J 


00 00 00 00 60 00 
SAN WN = 


08 09 09 00 09 90 O8 OF O0 O0 
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00 00 
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8°891 


00 oo 
00 06 
WO oO 
cow 
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00 002 000000 4000 00 


wn Wm A~nn~ © QO. 
Coin NH COW 


CO 00 oo 
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De. ee en ee. SOR OR a Oe Oe eee toe oe ee ce. oe ee oe 
m™ W Go 


247°5 


246°5 
246:0 
245°5 


244°5 
244°0 
243°5 
243'0 


242°5 
242°0 


sete 
Sui dui 
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TABLE 7.— Values of I, v, &, v', and 2 v’’, corresponding to each half degree of N—Continued. 




















N / | v é y’ av’ N N yf y é y’ ar’! N 
° ° °o ° ° ° ° ° °o ce] ce] ° ce] ° 
120°O | 21°326 | 12°335 | 11°413 | 8°260| 15°975 | 240°0 || 150°0| 19°162 | 7°854 | 7°324 | §°096| 9°392 | 210°0 
120°§ | 21°283 | 12°29§ | 11°378 | 8°229| 15-902 | 239°5 || 1§0°5 | 197135 | 7°745 7°223, | 5°024 | 9°25 | 209°5 
I2r'O | 24°24r | 12°254 | 11°342 | 8°197 | 15°827 | 239°0|| I§r°o| 1g9°108 | 7°635 7°120 | 4°951 | 9°109 | 209°0 
121°§ | 24199 | r2°2tr | 11°304 | 8165 | 15°75 | 238°5 || 151°5 | 19°082 | 7°523 7°O17 | 4°878 | 8-966 | 208°5 
122°0 | a1°157 | 12°168 | 11°266 | 8°132| 15°673 | 238°0|| 1§2°0/} 19°056 | 7°411 6°913 | 4°805 | 8°823 | 208°0 
122°5 | 20°11§ | 42°123 | 11°226 | 8°098| 15°594 | 237°5 || 152°5 | 1I9°030 | 7°298 | 6°809 | 4°730| 8°679 | 207°5 
123°0 | 21°073 | 12°078 | 11°186 | 8°063 | 15°513 | 237°0 || 153°0| Ig°005 | 7°184 | 6°703 | 4°655| 8°534 | 207°0 
123°5 | 21°032 | 12°03L | 11°144 | 8°028| 157431 | 236°5 || 153°5| 18°981 | 7°069 | 6°596 | 4°579| 8°389 | 206°5 
124°0 | 20°990 | 11°983 | II"IOI | 7°992| 15°347 | 236°0|| 154°0| 18°956 | 6°953 | 6°488 | 4°502| 8°243 | 206°0 
124°5 | 20°949 | 11°933 | 11°057 | 7°955 | 15°262 | 235°5 || 154°5| 18°933 | 6°836 | 6°380 | 4424] 8:096 | 205'5 
125°0 | 20°908 | 11°883 | I1°O12 | 7°917 | 15°176 | 235°0 || 1§5°0| 1£8:g09 | 6°718 6°270 | 4°346 "948 | 205°0 
125°§ | 20°867 | 14°831 | 10°96§ | 7°878| 15°08 | 234°5 || 155°5 | 18°886 | 6°599 6"160 4°268 "800 | 204°5 
126°0 | 20°826 | 11°778 | 10°918 | 7°839 | I5‘0or | 234°0|| 156°0 : : : : 
126°§ | 20°786 ; 11°724 | 10°869 | 7°799| 14°OIT | 233°5 |) 156°5 
127°0 | 20°746 | 11°669 | 10°820 | 7°758| 14°820 | 233°0|| 157-0 
127°§ | 20°705 | 11612 | 10°769 | 7°716| 14°728 | 232°5 || 157°5 
128°0 | 20°666 | 11°555 | 10°717 | 7°674| 14°635 | 232°0|| 158°0 
128°5 | 20°626 | 11°496 | 10°664 | 7°631 | 14°540 | 231°5 || 158°5 
129°0 | 20°586 | 11°436 | 10°610 | 7°587 | 14°444 | 231°0 || 159°0 
129°5 | 20°547 | 11°374 | 10°554 | 7°542) 14°347 | 230°5 || 159°5 
130°0 | 20°508 | 11°312 | 10°498 | 7°496| 14°248 | 230°0|| 160°0 
130°§ | 20°469 | 11°248 | 10°440 | 7°449| 14°148 | 229°5 || 160°5 
131°O | 20°430 | 11°184 | 10°382 | 7401 | 14°048 | 229°0/|| 161°'0 
130°5 | 20°392 | 11°118 | 10°322 | 7°353] 13°946 | 2285 || 161°5 
132°O | 20°353 | Ir°050 | 10°261 | 7°304]| 13°842 | 228°0]|| 162°0 
132°5 | 20°31§ | 10°982 | r10°IQ9 | 7°255 | 13°737 | 227°5 || 162°5 
133°0 | 20°278 | ro‘gi2 | 10°13§ | 7°205 | 13°631 | 227°0|| 163°0 
133°5 | 20°240 | 10°841 | 10°O71 | 7°154| 13°524 | 226°5 || 163°5 
. : 13°416 | 226°0|, 164°0 


10°696 | 9°939 | 7°050 | 13°306 | 225°5 || 164°5 


10°622 | 9°871 | 6°998] 13°195 | 22§°0 || 165°0 
10°546 | 9802 | 6°945 | 13°083 | 224°5 |} 165°5 
10°469 | 9°732 | 6°891 | 12°970 | 224°0 || 166°0 
10°39! 9°660 | 6°837 | 12°856 | 223°5 |] 166°5 
10° 312 9°§88 | 6°782| 12°741 | 223°0 || 167°0 


135°0 | 20°129 


136°0 | 20°056 
136°5 | 20°020 
137°0 | 19°984 


10°232 | 9°55 | 6°727]| 12°624 | 222°5 || 167°5 
10°150 | 9°440 | 6°671 | 12°506 | 222°0 || 168-0 
10°068 | 9°364 | 6°614| 12°387 | 221°5 || 168°5 
9°984 | 9°287 | 6°556] 42°268 | 221°0 |] 169°0 
9°899 | 9°209 | 6498] 12°148 | 220°5 |] 169°5 


9°813 9°130 | 6°439 | 12°027 | 220°0 |} 170°0 
9°725 | 9°050 | 6°379| 11°904 | 219°5 || 170°5 


137°5 | 19°949 
138°O | 19°913 
138°5 | 19°878 
139°0 | 19°844 
139°5 | 19°809 


140°0 | 19°775 
140°§ | 19°742 


14r°o | 19°708 | 9°637 | 8°969 | 6°318} 11°780 | 219°0 || I71°0 
141°§ | 19°675 | 9°547 | 8°887 | 6°256| 311°655 | 218°5 |} 171°5 
142°0 | 19°642 | 9°457 | 8°803 | 6°193| 11°529 | 218°0 || 172°0 


9° 365 8-719 | 6°129| r1°402 | 217°5'|| 172°5 
9°272 8-633 | 6°064| 11°274 | 217°0 | 173°0 
9°177 8°546 | 5°999 | I1'145 | 216°5 | 173°5 


142°§ | 19°610 
143°0 | 19°577 
143°5 | 19°545 


144°O | 19°514 082 8°458 | $°933 | 11°016 | 216°0 | 174°0 
144°5 | 19°483 8-986 | 8°370 | 5°866| 10°886 | 215°5 : 174°5 
145°O | 19°452 | 8°888 | 8-280 | 5°798| 10°755 | 215°0 | 175°0 
145°5 |.19°421 | 8-790} 8°18 | 5-730| 10°623 | 214°5 | 175°5 
146°0 | 19°391% 8°690 | 8:'097 | 5°661 | 10°490 | 214°0 | 1760 
146°§ | 19°361 | 8°589 | 8°004 | §°592| 10°356 | 213°5 | 176°5 
147°O | 19°332 | 8°487 | 7°g10 | §°522|] 10°221 | 213°0 || 177°0 
147°5 | 19°302 | 8°384 | 7°814 | §:452| r0°084 | 212°5 || 177°5 
148°0 | 19°273 | 8°280 | 7°718 | §°382| 9°947 | 212°0 |] 178°0 
148°5§ | 19°245 | 8°175 7°621 | §°311} 9° 211°5 || 178°5 
149°O | 19°217 8:069 7°523 | 5°240] 9°671 | 211°0 || £79°0 
149°§ | 19°18 | 7°962 | 7°424 | 5°168) 9°532 | 210°5 || 179°5 
1§0°0 | 19°162 7°3854 | 7°3241|5°096] 9°392 | 210°0 | 180°0 
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105 
110 
115 
120 


125 
130 


135 
140 
145 
150 
155 
160 


165 
170 


175 
180 


4°94 


8°02 
8°48 
8°66 


8°56 
8°22 
7°66 


6°91 
6°00 
4°96 


3°80 
2°58 
1°30 


0°00 
358°24 
356°57 


355°06 
353°76 
352°72 


351°98 
351°52 
351°34 


351°44 
351°78 
352°34 


353°09 
354°00 
355°04 
356°20 
357°42 
358°70 
360°00 


re ees | ff aed femmes ed 


0°00 
358°00 
356°10 


354°39 
352°94 
351°79 


350°98 
350°49 
350°3! 


350°46 
350°87 
35151 


352°36 
353°38 
354°54 


355°81 
357°16 
358°57 
360°00 


Io°ro 
10°75 


10°S7 
1I0°rt 


9°36 
8°40 
7°27 
5°99 


4°59 
311 
1°57 


0°00 
357°73 
355°58 


353°61 
352°03 
350°78 


349°90 
349°40 
349°25 


349°43 
349°89 
350°64 


351°60 
352°73 
354°01 


355°41 
356°89 
358°43 
360°00 
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TABLE 8.— Values of R for completing u for L,. 


6°53 
5°00 
3°38 
1°70 
0°00 
357°43 
355°00 


352°85 
351°06 
349°68 


348°74 
348°23 
348°11 


348° 36 
348°91 
349°74 


350°81 
352°06 
353°47 


355°00 
356°62 
358° 30 
360-00 


/= Inclination of moon’s orbit. 


8°03 
10°00 
11°49 


12°48 
{3°00 
13°08 


12°77 
12°12 
11°18 


10°00 
8°62 
7°08 


5°36 
3°66 
1°84 
0°0O 
357°10 
354°37 


351°97 
350°00 
348°51 


347°52 
347°00 
34692 


347°23 
347°88 
348°82 


3 §0°00 
351°38 
352°92 


354°64 
356°34 
358°16 
360°00 





3°27 


8°99 
11°16 
12°76 


13°80 
14°31 
14°34 


13°95 
13°20 
12°14 


10°83 
9°32 
7°64 


5°34 
3°94 
1°98 


0°00 


356°73 
353°68 


35101 
348°84 
347°24 


346°20 
345°69 


345°66. 


346°05 
346°80 
347°86 


349°17 
350°68 


352°36 


354°16 
356°06 
358°02 
360°00 


0°00 
3°67 
7°99 


10°04 
12°40 
[4°12 


15°19 
15°68 
15°65 


15°17 
14°30 
13°12 


11°68 
10°03 
8°21 


6°26 
4°23 
2°13 


0°00 
356° 33 
352°91 


349°96 
347°60 
345°88 


344°81 
344°32 
344°35 


344°83 
345°70 
346°88 


§48°32 
349°97 
351°79 


353°74 
355°77 
357°87 
360°00 


0°00 
4°14 
7°94 
11°20 
13°76 
15°57 


16°68 
17°13 
17°02 


16°43 
15°44 
14°13 


12°55 
10°75 
_ 879 


6°70 
4°52 
2°27 


0°00 
355°86 
352°06 


348°80 
346°24 
344°43 


343°32 
342°87 
342°98 


343°57 
34456 
345°87 


347°45 
349°25 
351°28 


353°3° 
355°48 
357°73 
360°00 


0°00 
5°22 
9°94 


13°86 
16°82 
18°81 


19°90 
20°23 
19°92 


19°08 
17°81 
16°20 


14°32 
12°23 
9°97 


7°58 
5'10 
2°56 


0°00 
354°78 
350°06 


346°14 
343°18 
341°19 


340°10 
339°77 
340°08 


340°92 
342°19 
343°80 


345 °68 
347°77 
359°03 


352°42 
354°90 
357°44 
360-00 


0°00 
5°88 
LI°12 


15°40 
18°56 
20°60 


21°66 
21°89 
21°44 


20°46 
19°03 
17°27 


15°23 
12°98 
10°56 


8°02 
5°40 
2°71 


0°00 
354712 
348°88 


344°60 
341°44 
339°40° 


338°34 
33811 
338°56 


339°54 
340°97 
342°73 


344°77 
347°02 
349°44 


351°98 
354°60 
357°29 
360°00 


217 


0°o0Oo 
6°57 
12°43 


17°10 
20°43 
22°50 


23°50 
23°61 
23°02 


21°87 
20°28 
18°34 


16°14 
13°73 
11°16 


8°47 
5°69 
2°86 


0°00 
353°43 
347°57 


342°90 
339°57 
337°50 


336°50 
336°39 
336°98 


338°13 
339°72 
341°66 


343°86 
346°27 
348°84 


35 1°53 
354°31 
357°14 
360°00 


w for L;=2(¢—v)—#. The values of € and v and to be obtained from Table 7; and the above values of & were com- 


puted from the equation tan R = 


sin 2 P 


k cot? 4 /— cos 2 P 


The values of 7 and / for the first day of every month are given in Table 6. 
When FP lies between 180° and 360°, subtract 180° from it and enter the table with the remainder. 
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TABLE 9.— Values of Q for completing u for M,. 














P Q P Q P Q P Q | P Q P Q 
' Se ee ill Se ee ed 
© °o ° ° ° ° ce] ° °o ° ° °o 
oO 0°00 60 40°89 120 13Q°I1 180 180°00 240 220°89 300 Z19°13 
I 0°50 61 42°05 12! 140°24 18! 180°50 241 222°05 301 320°24 
2 1°00 62 43°24 122 141°34 182 181°00 242 223°24 302 321°34 
3 1°50 63 44°46 123 142°41 183 181°50 243 224°46 303 322°4! 
4 2°00 64 45°71 124 143°45 184 182°00 244 225°71 304 323°45 
5 2°50 65 47°00 125 144°47 185 182°50 245 227°00 305 324°47 
6 3°01 66 48°32 126 145°46 186 18301 246 228°32 306 325°46 
7 3°51 67 49°67 127 146°44 187 183°51 247 229°67 307 326°44 
8 4°02 68 51°06 128 147°38 188 184°02 248 231°06 308 327°38 
9 4°53 69 52°48 129 148°31 189 184°53 249 232°48 399 328°31 
10 5°04 7O 53°95 130 149°21 190 185 °04 250 233°95 310 329°21 
II 5°55 7 55°45 13! 150°09 1g! 185°55 25! 235°45 gil 330°09 
12 6°07 72 56°98 132 150°96 192 186°07 252 236°98 312 330°96 
13 6°58 73 58°56 133 151°80 193 186°58 253 238°56 313 33180 
14 7°10 74 60°17 134 15§2°63 194 187°10 254 240°17 314 332°63 
15 7°63 75 61°81 135 153°44 195 187 °63 255 24u'8t 315 333°44 
16 8°16 76 63°50 136 1§4°23 196 188°16 256 243°50 316 334'23 
17 8°69 77 65°22 137 155°00 197 188°69 257 245°22 317 335°00 
18 9°23 78 66°97 138 155°76 198 189°23 258 246°97 318 335°76 
19 9°77 79 68°76 139 156°51 199 189°77 259 248°76 319 336°51 
20 10°32 80 70°58 140 157°24 200 190°32 260 250°58 320 337°24 
21 10°86 81 72°42 14! 157°96 201 190°86 261 252°42 321 337°96 
22 11°42 82 74°30 142 158°66 202 191‘42 262 254° 30 322 338°66 
23 11°98 , 83 76°20 143 159°36 203 191°98 263 256°20 323 339°36 
24 12°55 78°13 144 160°04 204 192°55 264 258°13 324 340°04 
25 13°12 85 80:08 145 160°70 205 193°12 265 260°08 325 340°70 
26 13°70 82°04 146 161°36 206 193°70 266 262°04 326 341°36 
27 14°29 87 84°02 147 162°01 207 194°29 267 264°02 327 342°01 
28 14°89 88 86-00 148 162°65 208 194°89 268 266°00 328 342°65 
29 15°49 89 88-00 149 163°28 209 195°49 269 268°00 329 343°28 
30 16°10 go go’0o 150 163°90 210 196°10 270 270°00 330 343°90 
31 16°72 g! 92°00 15! 164°51 211 196°72 271 272°00 331 344°5!1 
32 17°35 g2 94°00 152 165°11 212 197°35 272 274°00 332 34511 
33 17°99 93 95°98 153 165°71 213 197°99 273 | .275°98 333 345°71 
34 18°64 94 97°96 154 166°30 214 198°64 274 277°96 334 346°30 
35 19°30 95 99°92 155 166°88 215 199°30 275 279°92 335 346°88 
36 19°96 96 101°87 156 167°45 216 199°96 276 281°87 ° |) 336 347°45 
37 20°64 97 103°80 157 168-02 217 200°64 277 28380 337 34802 
38 21°34 98 105°70 158 168°58 218 201° 34 278 285°70 338 348°58 
39 22°04 99 107°58 159 169°14 219 202°04 279 287°58 339 349°14 
40 22°76 100 109°42 160 169°68 220 202°76 280 289'42 340 349°68 
4! 23°49 101 IT1*24 161 170°23 221 203°49 281 291°24 341 350°23 
42 24°24 102 113°0 162 170°77 222 204°24 282 293°03 342 350°77 
43 25°00 103 114°7 163 171°3! 223 20500 283 294°78 343 351°31 
44 25°77 104 116°50 164 171°84 224 205'77 284 296°50 344 351°84 
45 26°56 105 11819 165 172°37 225 206°56 285 298°19 345 352°37 
46 27°37 106 119°83 166 172°90 226 207°37 286 299°83 346 352°90 
47 28°20 107 121°44 167 173°42 227 208°20 287 301°44 347 353°42 
48 29°04 _ 108 123°02 168 173°93 228 209°04 288 30302 348 353°93 
49 29°91 109 124°55 169 174°45 229 | 209°91 289 |  304°S5 349 | 354°45 
50 30°79 110 126°05 170 174°96 230 210°79 290 306°05 350 354°96 
51 31°69 Ii! 127°52 17! 175°47 231 211°69 29! 307°52 351 335°47 
§2 32°62 112 128°94 172 175°98 232 212°62 292 308°94 352 355'°98 
53 33°56 113 me 173 176°49 233 213°56 293 310°33 353 356°49 
54 34°54 114 131°6 174 176°99 234 214°54 294 311°68 354 356°99 


55 35°53 115 1 33°00 175 177°50 235 215°53 295 313°00 355 357°50 
56 36°55 116 134°29 176 178°00 236 216°55 296 314°29 356 358°00 
57 37°59 117 135°54 177 178°50 237 217°59 297 315°54 357 358°50 
58 38°66 118 136°76 178 179°00 238 218°66 298 316°76 358 359°00 
59 39°76 119 | 137°95 179 | 17950 || 239 | 219°76 || 299 | 317°95 || 359 | 359°50 


«for M;=&—yv+Q. The values of ¢ and » are to be obtained from Table 7; the above values of Q were computed from 
the equation tan G@= ¢ tan P. 
The value of P for the first day of every month is given in Table 6. 
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TABLE 10.—Factors F and f for reduction and prediction of tides; oomputed for the middle oy each year, or for July 2, at 
Greenwich mean noon for common years, and at preceding midnight for leap years. 


Component. 


Ji, [M.]* 
K, 
Kg 
L, 
[I4]* 
M, 
M., MS 
Ms 
M,, MN 
Me 
Mg 
N., 2N 
O, Qi 
OO 
Pi, Re, Ts 
Sty a9 394 
Ag, fay v2 
MK 
2MK 
2MS 
Msf, 2SM 
Mf 
Mm 


Sa, Ssa 


1850 


F 
log F 


1°1216 
0°0498 


1°0840 


0°0350 


I "2263 
0°0886 


0°8599 
9°9344 


0°97 33 
9'9882 


0°9777 
9°9902 
0°9733 
9°9882 
0°9602 
9°9824 


0°9473 
9°9765 


0°9220 


9°9647 


0°8973 
9°9530 


0°9733 
9°9882 


1°1449 
0°0588 


1°§841 
0°1998 


1 *O0O000 
0*0000 


1°0000 
0°0000 


‘| 0°9733 


9°9882 


1°0550 
0'0233 


1°0268 
O°OIlS 


0.9473 
9°9765 


0°9733 
9°9882 


1°3467 
0°1293 


| 0°9138 


9°9608 


1°0000 
0°0000 


108 / 





0°8916 
9°9502 


0°9225 
9°9650 
o°8155 
9°9114 
1°1629 
0°0656 


1°0274 
0'0118 


1°0228 
0°0098 


1°0274 
o°0118 


1°O415 
0°0174 


1°0557 
0°0235 


1°0846 
0°0353 


1°44 
0°0470 


1°0274 
o°o118 


0°8735 
9°9412 


0°6313 
9°8002 


1°0000 
0°0000 


I °0O00 
0*°0000 


1°0274 
0°0118 


0°9479 
9°9767 


0°9739 
9°9885 


1°0557 
0'0235 


1°0274 
o'0118 


0°7426 
9°8707 


1°0944 
0'0392 


I *0000 
0*°0000 


1851 


| SaeSseapeeniee Gaamiane 


F 
log ¥ 


1°0553 
0°0234 


1°0426 
o°o181 


1°1276 
0°0521 
I*1050 
0°0434 
0°9830 
9°9925 
0°5972 
9°7761 
0°9830 
9°9925 


0°9746 
9°9888 


0°9662 
9°9851 


0°9498 
9°9776 


0°9336 
9°9702 
0°9830 
9°9925 


1°O715 
0°0300 


J "2732 


0° 1049 


I °O0000 
0°0000 


1*0000 
0°0000 
0°9830 

9°9925 


1'0249 
0°0107 


1°0074 
0°0032 


0°9662 
9°9851 
0°9830 

9°9925 


1°1680 
0°0674 


0°9446 
9°9752 


I °0000 
0°0000 





S 
log / 


_0°9476 
9°9766 


0°9591 
9°9819 
0°8869 
9°9479 


0°g050 
9°9566 


1°O173 
0°0075 
1°6746 
0°2239 


1°0173 
0°0075 


1°0261 
O°OI!2 


1°0350 
0°01 49 


1°0529 
0°0224 


1°O71I 
0°0298 


1°0173 
0°0075 


0°9333 
9°9700 


0°7855 
9°8951 


I °0000 
0°0000 


I°0O000 
0*°0000 


1°0173 
0°0075 


0°9757 
9°9893 


0°9926 
9°9968 


1°0350 
0°0149 


1°0173 
0°0075 


0°8562 
9°9326 


1°0587 
0°0248 


1°0000 
0°0000 


| 





1852 


F 
log F 


oe 


0°9935 
9°9972 
I‘Oor!l 
0°0005 


1°0238 
0°O102 
1°3801 
0°1599 
0°9947 
9°9977 
0°5066 
9°7046 
0°9947 
9°9977 


0'992! 
9°9966 


0°9895 
9°9954 


0°9843 
9°9931 


0°9791 
9°9908 


0°9947 
9°9977 


1'0023 
0°O010 


1°O175 
0°0075 


1°0000 
0*0O000 


1.0000 
0*°0000 


0°9947 
9°9977 


0°9958 
9°9982 


0°9906 
9°9959 


0°9895 


9°9954 


0°9947 
9°9977 


1°0098 
0°0042 


0°9837 
9°9929 


I °0000 
0°0000 





cf 
log / 


1°0066 
0°0028 


0°9989 
9°9995 


0°9767 
9°9898 


0°7246 
9°8601 


1°0053 
0°0023 
1°9741 
0°2954 


1°0053 
0°0023 |: 


I 0080 | 
0°0034 


1°0106 
0°0046 


1'O1S9 
0°0069 


1°0213 
0°0092 


1°005 3 
0'0023 


0°9978 
9°9990 


0°9829 
9°9925 


I °0000 
0*0000 


1°9000 
0°0000 


1°005 3 
0°0023 


1°0042 
0°0018 


1°0095 
0°0041 


1°o106 
O° 0046 


1°0053 
0°0023 


0°9903 
9°9958 


1°O165 
0°007! 


1°O0000 


| 


1853 


F 
log F 





0°9428 
9°9744 
0°9647 
9°9844 


0°9305 
9°9687 


09476 
9°9766 


1°0073 
0°0032 


0°6414 
9°8072 


1°0073 
| 00032 


I°OrIIo 
0°0047 


1°O147 
0°0063 


I°O221I 
0°0095 


10295 
0°01 26 


1°0073 
0'0032 


0°9446 
9°9752 


0°8305 |° 
9°9194 


1 °O0O000 
0°0000 


1°90000 
0°0000 


1°0073 
0'0032 


0°9717 
9°9875 


0°9788 
9°9907 


1°O147 
0°0063 


1°007 3 
0°0032 


0°8857 
9°9473 


1°0278 
O’O1lg 


I °O0O000 


0Q*0000 |: O0°0000 


* The -amarked L, and M, are the compound waves of the British forms 
i ide corresponding to Ferrel’s L, with the epoch changed by 18°, and 


S 
log / 





1°0607 
0°0256 


1°0366 
0°0156 


1°0747 
0°0313 


1°0553 
0°0234 
0°9928 
9°9968 
1°5591 
0°1929 
0°9928 
9°9968 
O° 9891 | 
9°9953 
0°9856 
9°9937 


0'9784 
9°9905 


0°9713 
9°9874 
0°9928 
9°9968 


1°0587 
0°0248 


1°2041 
0°0806 


1°O0O0O 
0*°0000 


1°0000 
0°0000 


0°9928 
9°9968 


1°0291 
O°0125 


1°O217 
0°0093 
0°9856 
9°9937 


0°9928 
9°9968 


I°1290 
0°0527 


0°9729 
9°9881 


I°O0O000 
0°0000 


I 


3 


| 
| 
| log F 
0°9047 
9°9565 


0°9358 
9°9712 


| 0°8559 
9°9324 











0°7920 


| 9°8987 


ly "0192 
| 0°008 3 
0°8942 
9°9514 


1°OIg2 
0°0083 


1°0289 
0°01 24 


1°0388 
0°0165 


1°0588 
0°0248 


1°O791 
0'033! 


1°O1g2 
0°0083 


0°9006 
9°9545 


0°7031 
9°8470 


1 °0000 
0*0000 


a008s 
0°95 38 
9°9795 


0°9722 
9°9877 


1'0388 
0°0165 


1°O192 
0°0083 


0°7957 
9°g008 


1°0720 
0°0302 


I °0000 
0°0000 





1854 


S 
log / 





1°1053 
0°0435 


1°0686 
0°0288 | 


1°1684 | 
0°0676 
1°2626 
O°1013 


o'9811 
9°9917 


1°r183 
0°0486 


o'9811 
9°9917 


0°9719 
9°9876 


0°9626 
9°9835 


0°9445 
9°9752 


0°9267 
9°9669 


o'9811 
9°9917 


I°1104 
0°0455 


1°4223 
0°1530 


1°0000 


1855 


F 
log F 
0°8788 
9°9439 


0°9153 
9°9616 


0°8026 
9°9045 


1°0594 
0°0251 


1°0291 
0°01 24 


0°5 378 
9°7 306 


1°0291 
O'O124 


1°0440 
0°0187 


1°0590 
0°0249 


1°0898 
0°0374 


I°1215 
0°0498 


1'0291 
0°0124 


0°8700 
9°9395 


0°6218 
9°7936 


1°0000 


0°0000 


I *O0000 


0°0000 


1°0291 
0°01 24 


0°9420 
9°9740 


0°9693 
9°9865 


1'0590 
0°0249 


1°0291 
0°01 24 


0°7355 
9°8666 


1°r106 
0°0455 


1°0000 
0°0000 


| 


ks 





1°1380 
0°0561 


1°0925 
0°0384 


1°2459 
0°0955 


0°9439 
9°9749 


0°9717 
9°9876 


1°8595 
0° 2694 


0°9717 
9°9876 


0°9579 
9°9813 


0°9443 
9°975! 


0°9176 

9'9626 
0°8917 
9°9502 


0°9717 
9°9876 


1°1495 
0°0605 


1°6084 
0°2064 


I °0000 
0°*0000 


I°O0O0O 
0°0000 


0°9717 
9°9876 


1°0616 
0°0260 


1°0316 
0°0135 


0°9443 
9°9751 


0°9717 
9°9876 


1°3597 
0°1334 


0°g005 
9°9545 


1°O0000 
0*0000 





while [L,] and pale are ne larger * aliew canes bea Ls und Mave the sompoula waves ol the Hedin: fore oil [ka] @ad' (50) ate the: lnswer of pale elemsaats'or their elements or simple 
to his m, or Q’,, res vely. 
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TABLE 10.—Factors F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 


Component. 


Jus (Mi) 


K, 


K, 


L, 


[Is] 


M, 


M,;, MS 


M; 


M,, MN 


Me 


Ms 


N,, 2N 


Or, Q: 


OO 


P,, R,, T, 


Sis 39394 


Ae a Vs 


MK 


2MK 


2 MS 


Msf, 2 SM 


Mf 





F 
log F 





eu 
1856 | 





0°8636 
9°9363 


0°9030 
9°9557 
0°7707 
9°8869 
2°1324 
0°3239 
1°0357 
O°O1§2 
0°4260 
9°6294 


f | oF Sf F S F Sf F 
log / log F log / | log F log / log F log / log F log / 





1° “1580 | 
0°0637 


1°1074 
0°0443 


1°2976 
O°1131 


0°4690 
9°6711 


0°9655 
9°9848 


2°3475 
0°3706 


1°0357 | 0°9655 


0°0152 | 9°9848 ‘ 


1°0540 
0°0229 


1°0727 
0°0305 


I°ri1o 
0°0457 


1°1507 
00610 


1°0357 
0°0152 
0°8519 
9°9304 
0°5763 
9°7606 
I°O0O0O 
0°0000 
1°0000 
0°0000 


1°0357 
O°O1§2 


0°9353 
9°9709 
0°9687 
9°9862 


1°07 27 
0°0305 


1°0357 
O°O152 


0°7007 
9°8455 


1°1374 
0°0559 


I°0000 





0°9487 
9°9771 


0°9322 
9°9695 


O°gOOI 
9°9543 


0°86g0 
9°9390 


0°9655 
9°9848 


1°1739 
0°0696 


1°7352 | 
0'2394 


6009 | 


1°0692 


0°0292 


1°0323 
0°01 38 


0°9322 


9°9695 


0°9655 
9°9848 
1°4272 
O°1545 


0°8792 
9.9441 


1*O000 | 





0°8583 
9°9336 
0°8987 
9°9536 


0°7593 
9°8804 


1°0393 
0°0167 


1°0382 
0°0163 


0°5343 
9°7278 


1°0382 
0°0163 


1'0578 
0°0244 


1°0779 
0°0326 


11190 
0°0488 
1°1618 
0°0651 


1°0382 
0°0163 


o°8455 
9°9271 
0°5607 
9°7488 
I°0000 
0°0000 


| 1°0000 


0°0000 
1°0900 
0°0000 
0°9655 
9°9848 


0*0000 


1°0382 
0°0163 


0°9330 
9°9699 


09686 
9°9862 


1°0779 
0°0326 


1°0382 
0°0163 


0°6886 
9°8379 


1°1476 
0°0598 


1°OQ000 


0°0000 || 0°0000 


! 





1°r651 
0.0664 


1°1128 
0°0464 


I°3170 
ie 


°° saa| 


9°9833 | 


O° 2 
ge 


0°9632 
9°9837 


0°9453 
9°9756 


0°9278 
9°9674 


0°89 36 | 
oe 


O° ie) 
9°9349 | 


0°9632 
9°9837 
1°1827 
0°0729 


17834 
0°2512 


1°8716 
0'°2722 





0°8625 
9°9357 
0°902I 
9°9553 
0°7683 
9°8355 
0°7796 
98919 
1°0362 
O'0155 
oe 
9°9294 
1°0362 
O'OI55 


1°0548 
0°0232 
1°0738 
0°0309 
1°1127 
0'0464 


1°1§30 
0'0618 


1°0362 
O°O155 
0°8505 
9°9297 
0°5730 
9°7581 
10000 
0°0000 
1*0000 
0°0000 
1°0362 
O'O155 
0°9348 
9°97097 
0°9687 
9°9862 
10738 
0°0309 
1°0362 
O°0155 


0°6981 
9°8439 


1°1395 
0°0567 


1°O0O0O0 
0Q°0000 





11595 
0°0643 
11085 
0°0447 


1°3017 
O'1145 


1°2827 
o'1081 
0°9650 
9°9345 
1'1766 
0°0706 
0°9650 
9°9845 
0°9480 
9°9768 
0°9313 
9°9691 
0°8987 
9°95 36 
0°8673 
9°9382 
0°9650 
9°9845 
1°1758 
0'0703 
1°7453 
0°2419 
I*0000 
0°0000 
1*0000 
0°0000 
0°9650 
9°9845 
1°0697 


0°0293 


1°0323 
0°0138 


O° 9383 
9°9 
0°9650 
9°9845 


1°4325 
o°1s561 


0°8776 
9°9433 


1°000O0 
0°0000 





0°8764 
9°9427 


0°9134 
9°9607 


0°7977 
9°9018 


0°9992 
9°9996 


1°0301 
0°0129 


0°5631 


9°7506 | 


1'0301 
0°01 29 


1°0454 
0°0193 


1°O611 
0°0257 


1°0930 
0°0386 


1°1258 
0:0515 


1°O301 
O°O129 


0°8672 
9°9381 


O°6145 
9°7885 


1°0000 
0°0000 


1°00O0O0 
0°0000 


1°0301 
0'0129 


0°9409 
9°9736 


0°9692 
9°9864 


1‘OOIr 
0°0257 


1°0301 
0°0129 


0°7 300 
9°8633 


1°11 45 
0°047! 


1*0000 | 


} 





I° 14tt 
0°0$73 
1°0948 
0°0393 


1°2537 
0°0982 


1°0008 
0°0004 
0°9708 

cert | 


1°7759 
0° 2494 





0°9708 
9°9871 | 








0°9566 1 
9°9807 


0°9425 
9°9743 


| 








0°9149 
9°9614 


0'8882 
9°9485 
0°9708 
9°9871 


1°1§32 
0°0614 |; 


1°6273 
O°2115 





| 
1°O0000 
0°0000 
1°0000 
0°0000 
0°9708 
9°93871 
1°0628 | 
0°0264 ° 


1°0318 ! 
0°01 36 |. 





0°9425 
9°9743 


0°9708 
9°9871 |; 


1° 3699 | 
0°1 367 


0°8973 | 
9°9529 | 


1°0000 


0°9717 





O'gOI10 
9°9547 


0°9330 
9°9699 
0°8484 
9°9286 


1°7598 
0°2455 


1°0205 
0'0088 


0°4490 
9°6522 


1°0205 
0°0088 


1°0309 
0°01 32 


1°0415 
0°0177 


1°0629 
0°0265 
1°0847 
0°0353 
1°0205 
0°0088 
0°8962 
| 9°9524 
0°6912 
9°8396 
1 ‘0000 
0°0000 


1°0O000 
0°0000 


am a 


1°0205 
0°0088 





0°952I 
9°9787 





9°9875 


T'O4rs | 
0°0177 


1°0205 
0°0088 


0'7871 
9'8960 


1°0770 
0°0322 


I °0000 


sad hai liane aa 


,0°0213 


Greenwich mean noon for common years, and at preceding midnight for leap years—Continued. 


S 





11098 
0°0453 


10718 
0°0301 


1°1786 


9°7545 


0°9799 
9°9912 


2°2274 
0° 3478 


0°9799 
9°9912 


0°9700 
9°9868 
0°9602 
9°9823 
0°9408 | 
9°9735 
0'9219 
9°9647 
0°9799 
9°9912 | 
11158 
0°0476 
1°4467 
0°1604 
10000 
0*°0000 
10000 
0°0000 


0°9799 
9°9912 
1°0503 
1°029Q1 
O°0125 


09602 
9°9823 
0°9799 
9°9912 
1°2705 
0°1040 
0°9285 
9°9678 


1°0000 
0°OQ000 


O'0714 |) 
0°5683 


1861 


F 
log 





0°9376 
9°9720 
0°9609 
9°9827 
0°9207 
9°9641 


1°0822 | 


0°0343 
1°0088 
0°0038 
0°5581 
9°7467 


1°0088 
0°0038 


PA 
log / 


1°0665 
0°0280 


(°0407 


O°O173 |. 


1°0862 
0°0359 


0°9241 
9°9657 


0°9913 
9°9962 


1°7919 
0°25 33 


0°9913 
9°9962 
0°9870 
9°9943 
0°9827 
9°9924 
0°9742 
9°9886 


0°9657 
9°9848 


C"9913 
9°9962 
1°0654 
0°0275 
1°2305 
O0°OQOI 
1°0000 
0°0000 
1°0000 
0°0000 


0°9913 
9°9962 


1°0317 
0°0136 


1°0227 
070098 
0°9827 
9°9924 
0°9913 
9°9962 


1°1449 
0°0588 


0°9679 
9°9858 
I°oooo 
0°0000 
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TABLE 10.—Factore F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 


Component. 


Jay [Mi] 
K, 
K, 
Il, 

[14] 
M, 
M,, MS 
M3 

M,, MN 
Me 
Ms 

N2, 2N 

Or, Qi 
OO 
P,, Re, Ts 
Sty 29 39 4 


Aas Hay Ve 


MK 


MSf, 2SM 
Mf 
Mm 


Sa, Ssa 


a ff SS | | | | | 





0°9962 
9°9984 
0°9927 
9°9965 
0°9889 
9°9952 
0°9925 
9°9967 
0°9962 
9°9984 
0°9932 
9°9970 
0°9888 
9°995! 


1°0000 
0°0000 





1°0038 
0°0016 


1°0074 
0°0032 
I‘OrI2 
0°0048 
1°0076 | 
0°0033 
1°0038 
0°0016 
1°0069 
0°0030 


1°O1T3 
0°0049 





1°O000O 
0°O0000 | 


F 
log F 


1'0474 
o0°O20!I 


1°0375 
00160 


I°1150 
0°0473 


0°8950 
9°9518 


0°9843 
9°9931 


0°7939 
9'8998 


0°9843 
9°993! 


0°9766 
9°9897 


0°9689 
9°9863 


0°9537 


| 9°9794 


0°9387 
9°9725 


| 0°9843 


9°993! 
1°0627 


| 0°0264 


1°2389 


| 0°0930 


| 1°O0000 


0°0000 
I °OO00O0 
0°0000 
0°9843 
9°993! 
1°O212 
0°0091 
1°0052 
0°0022 
0°9689 
9°9863 
0°9843 
9°9931 
1°1474 
0°0597 


0°9489 
9°9772 





0°9547 
9°9799 


0°9638 
9°9840 


0'8969 
9°9527 


1°1173 
0°0482 


1'O15§9 
0°0069 


1°2596 


O* 1002 


1°O159 
0'0069 


1°0240 
0'0103 


1°032! 
0°01 37 


1°0486 
0°0206 


1°0653 


0°0275 | 


10159 
0°0069 


0°9410 | 
9°9736 | 


0°8072 | 
9°9070 | 


_ 1°0000 


0°O0000 


1°0000 
0°0000 





I°O159 
0°0069 


9°9909 : 
0°9948 
9°9978 
1°O321 
0°01 37 


10159 


| 0°0069 


o°8715 


9°9403 
1°0539 


0°0228 


1*0000 | I°0000 


0*0000 


1 


F 
log F 


I°rl 39 
0°0468 


1°0793 
0'0331 


1°2154 
0'0847 


1°1564 
0°0631 


0°9743 
9°9887 


05952 
9°7746 


0°9743 
9°9887 
0°9617 
9°9830 


0°9492 
9°9774 


0'9248 
9°9661 


O’9gOI! 
9°9548 


0°9743 
9°9887 
1°1363 
0°0555 


1°5457 
o°1891 


1°0000 
0*0000 
1°Q0000 
0*O0000 


0°9743 
9°9887 


1°0516 
0°0218 


1°0245 
O°O105 


0°9492 
9°9774 





| 
0°6470 





S 
log * 


0°8978 
9°9532 


0°9265 
9°9669 
0°8228 
9°9153 


0°8647 | 
9°9369 
1°0264 
O'O113 


1°6802 
0°2254 





1°0264 
O°OIT3 | 


1°0398 | 
0°0170 


1°0535 
0°0226 
10813 
0°0339 
1*1098 
0°0452 | 





1°0264 ! 
O°0113 


0°8800 
9°9445 





9°8109 


1°0000 
0*°0000 


1*O0O00O0 
0°0000 


1°0264 
0°0113 


0°9510 
9°9782 
9°9895 


1°0535 
0°0226 


0°9743 | 1°0264 


9°9887 
1°3253 


0°1223 | 


0°9169 | 





O°OI13 


0°7546 
9°8777 


1‘0go6 


9°9623 | 0°0377 


1°0000 


| 20000 | 0*0000 











F 
log F 





11731 
0°0693 
1°11g0 


00469 


1°2941 
0°1120 


1°1371 
0°0558 
0'9672 
9°9855 
0°6215 
9°7934 
0°9672 
9°9855 


0°9513 
| 9°9783 





loz 





0°8524 
9°9307 


0°8977 
9°953! 


0°7727 
9°8880 


0°8794 
9°9442 


1°0339 
0°01 45 


1°6091 
0°2066 


1°0339 
0°01 45 


10512 
0°0217 


1°0689 
0'028g 
11051 
0°0434 
1°1426 
0°0579 


1°0339 ! 
O°O145 | 


| 
0°8324 | 
9°9203 : 


0°5395 
9°7320 


1°0000 
0°0000 

| 
1°OOOO — 
O°O0000 | 


1°0339 
O'O145 | 


0'9281 
9°9676 | 


0°9595 
9.9821 


1°0689 
0°0289 





1°0339 
O°0145 


0°6701 
9°8262 


1°0)72 


0°0481 


1°0000 | 
0°0000 


F 
log F 





1°2068 
0°0816 


1°1327 

0°054! 

1°3344 

0°1252 
i 


0°9239 
9°9656 
0°9638 
9°9840 
0°8590 
9°9340 
0°9638 
9°9840 
0°9462 
9°9760 
0°9289 
9°9680 
0°8953 
9°9520 
0°8629 
9°9360 
0°9638 
9°9840 
1-2382 
0°0928 
2°0436 
O° 3104 
10000 
0°0000 


1*0000 
0°0000 
0°9638 
9°9840 


[°OQ17 
0'0381 


1°0522 
0'0221 


0°9289 
9°9680 
0°9638 
| 9°9840 


| 1°§907 
! 0°2016 
0'8848 
9°9468 
1°O000O 
0°0000 





S 
log / 


0°8287 
9°9184 


0°8828 
9°9459 


0°7494 
9°8747 


1°0824 
0°0344 


1°0376 
0°0160 


1°r64! 
0°0660 


1°0376 
0°0160 


1°0569 
0°0240 


1°0765 
0°0320 


1*1169 
0°0480 


1°1589 
0°0640 


1°0376 | 
0°0160 


08076 | 
9°9072 | 


0°4894 
9°6896 


I *0000 
0°0000 


1*0000 | 
0°0000 
| 


1°0376 | 
0°0160 | 


09160 | 
99619 


0°9504 | 
9°9779 


1°0765 
0°0320 


1°0376 
0°0160 


0°6287 
9°7984 


1°1302 
0°05 32 


1 *Q000 


Greenwich mean noon for common years, and at preceding midnigh’ for leap yeare—Continued. 


1867 


F 
log F 





1°2013 
0°0796 


1°1297 
0°05 30 


1°3280 
0°1232 


0°8405 
9°9245 


0°9643 
9°9842 


1°2312 
_ 0°0903 


— 0°9643 
9°9842 


0°9470 
9°9763 


0°9300 
9°9685 


0°8968 
9°9527 


0°8648 


| 9°9369 


0°9643 
9°9842 


1*2322 
0°0907 


2°0118 
0°3036 


1°0000 
0°0000 


I*0000 
0*°0000 
0°9643 
9°9842 


1°0894 
0°0372 


1°0506 
0°0214 


0°9300 
9°9685 


0°9643 
9°9842 


1°5744 
O'1971 


0°8864 
9°9476 


1°O0O00 


0°0000 || 0°0000 
' 


S 
log / 
0°8325 
9°9204 
0°8852 
9°9470 
0°7530 
9°8768 
1°1898 
0°0755 


1°0370 
0°0158 


0°8122 
9°9097 


1°0370 
0°0158 


1°0560 
0°0237 


1°0753 
0°0315 
I°t15t 
0°0473 
11563 
0°0631 


1°0370 
o°0158 


o°8116 
9°9093 
0°4971 
9°6964 


I*0000 
0°0000 


1°0000 
0*0000 


1°0370 
070158 


0°9179 
9°9628 


0°9519 
9'9786 


1°0753 
0°0315 


1°0370 
o°0158 


0°6352 
9°8029 


1°1281 
0°05 24 


1°0000 
0*0000 
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TaBLK 10.—Factors F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, ut 
Grreenivich mean noon for common years, and at Preceding senda bad veap oceans 





868 


1869 


1873 


1870 1871 1872 


i | = ——— 








Component. 


—— 


Ji, (Mi) 
K, 
Kg 
L, 

[Ls] 
M, 

Mg, MS 
M; 

M,, MN 
Me 
Ms 

N,;, 2N 

01, Qi 
OO 


P,, Rg, Ts 


Si, 99304 


Aa, Mg vg 


MK 


2MK 


2MS 


MSf, 2SM 


N f 


Mm 


Sa, Ssa 


F 
log F log ae 





I‘ 1589 | 0°8629 
0°0640 | 9'9360 


1°1059 
0°0437 


1°2762 
0°1059 


0'9164 
9°9621 


0°9688 
9°9862 
0°8409 
9°9247 
0°9688 
9°9862 


0°9535 
9°9793 


0°9386 
9°9725 


0°9093 
9°9587 


0°8809 
9°9449 


0'9688 
9°9862 


1°1858 
0°0740 


1°7768 
0°2496 


I°0000 
0*°O000 


I*O0O00O0 
0°OQ000 


0°9688 
9°9862 


1°0714 
0°0299 


1°0379 
0°0162 


0°9386 
9°9725 
0°9688 
9°9862 


1°4515 
o°1618 


0°8999 
9°9542 


1°0000 


0°9043 
9°9563 


0°7836 
9°8941 


1°OQ12 
0°0379 


1°0322 
0°01 38 


1°1892 
0°0753 


1°0322 
0°01 38 


1°0487 | 
0°0207 | 


1°0655 
0°0275 


10998 
0°0413 


1°1352 
0°0551 


1°0322 
0°01 38 


0°8433 
9°9260 


0'5628 
9°7504 


0*°0000 


1°0000 
0*°000 O 


10322 
0°01 38 


0.9334 
9°9701 


0°9635 
9°9838 


1°0655 
0'0275 


1°0322 
0°01 38 


0°6889 
9.8382 


I°KII2 
0°0458 


I *0000 


0°O0000 | O0°0000 








1°0961 
0°0398 


1°0684 


0°0287 


1°1898 | 


0°0755 


1°1go! 
0°0756 


0°9767 
9°9898 


0°5776 
9°7616 


0°9767 
9°9898 


0°9653 
9°9847 


0°9540 
9°9795 


0°9318 
9°9693 


o’gIOl 
9°9591 


0°9767 
9°9898 


1°1167 
0°0479 


1°4596 
0'1642 


I°0000 
0*0000 


1°0000 
0°0000 


0°9767 
9°9898 


1°0435 
o°0185 


1°O1g2 
0°008 3 


0°9540 
9°9795 


0°9767 
9°9898 


1°2766 
0°1061 


0°9246 
9°9659 
1°O000O0 
0°0000 


S 
log S 





0°9124 
9°9602 
0°9360 
9°9713 
0°8405 
9°9245 
0°8403 
9°9244 
10238 
0°0102 


1°7313 
0°2384 


1°0238 
O°O102 


1°0359 
0°0153 


1°0482 
0°0205 


1°07 32 
0°0307 
1°0988 
0°0409 
10238 
O°0102 
0°8955 
9°9521 
0°6852 
9°8358 
I*O000O0 
0°0000 


I °O0O0O0 
0°0000 


10238 
O*O0102 


0°9583 
9°9815 
o'981! 
9°9917 
1°0482 
0°0205 


1°0238 
0°0102 


0°7833 
9°8939 


1°0816 
0°0341 


1°0000 
0Q*°0000 


F F | 


log F 





1°0303 
0°01 30 


1°0262 
O°OL12 


1°0869 


0°0362 


1*2073 
0°0818 


0°9874 
9°9945 


0°5521 
9°7420 


0°9874 
9°9945 


o°9811 
9°9917 


0°9749 
9°9890 


0°9626 
9°9834 


0°9504 
9°9779 


0°9874 
9°9945 


1°04 36 


0°0185 


1°1658 
0°0666 
1*0000 
0°0000 
10000 
0°0000 
0°9874 
9°9945 
1°0132 
0°0057 
1 ‘0004 
Q°0002 


0°9749 
9°9890 


0°9874 
9°9945 
I*1030 
0°0426 


0°9589 
9°9818 
I°0000 
0°0000 





0°9706 
9°9870 
0°9745 
9°9888 
0'9201 
9°9638 
0°8283 
9 9182 


1°0128 
0°0055 


1°8113 
0°2580 


1°0128 
0°0055 


I‘O1g2 
0°0083 


1°0257 
O‘O1I0 


1°0389 
0°01 66 


1°0522 
0'0221 


1°01 28 
0°0055 
0°9582 
9°9815 
0°8578 
9°9334 
1°0000 
0°0000 
1°0000 
0°0000 
1°0128 
0°0055 
0°9870 
9°9943 
0°9996 
9°9998 
1°0257 
O'O110 


1°0128 
0°0055 
0°9066 
9°9574 


1°0428 
0°0182 


I°0000 
0°0000 


S 
log / 


F 
log F 





0°9724 
9°9878 
0°9862 
9°9940 
0°9859 
9°9938 
0°8708 
9°9399 
0°9996 
9°9998 
0°7693 
9°8861 
0°9996 
9°9998 
0°9994 
9°9997 
0°9992 
9°9996 
0°9988 
9°9995 
0°9983 
9°9993 
0°9996 
9°9998 
0°9784 
9°9905 
0°9373 
9°9719 
1°O0000 
0°0009 
I°O0O00 
0°0000 
0°9996 
9°9998 
0°9858 
9°9938 


0°9854 
9°9936 


0°9992 
9°9996 
0°9996 
9°9998 
0°9576 
9°9812 
1°0004 
0°0002 
1°0O000 
0°0000 





J 
log / 
1°0284 
O°OI22 


1°O140 
0°0060 


1°O143 
0°0062 


1°1484 
0°0601 


1°OO12 
0°0005 


1°OOI7 
0°0007 


1°0004 
0°0002 


I°O22!1 
00095 


1'0669 
0°028! 


1°0000 
oQ°0000 


I °O000O0 
0°0000 


1°0004 





0°0002 : 


1°O144 | 0°9641 
| 99841 


0°0062 
0°0064 
1°0008 
0°0004 


1°0004 
0°0002 


1°0443 
0°0188 
0°9996 
9°9998 
I °O0OO0O0 
0°0000 


1°0148 | 0°9757 
006 


F 
log ¥ 





0°9266 
9°9669 
0°9526 | 
9°9789 





0°8992 
9°9539 | 


0°8172 | 
9°9123 | 


1'O121 
0°0052 | 


0°8438 
9°9262 


1‘Or2 
0'0052 


1°o182 
0°0078 


1°0243 
O°O104 


1°0366 
0°0156 


1°0492 | 
0°0208 


1°O121 
0°0052 


0°9259 
9°9666 


0°7750 
9°8893 


1*cO0O 
0*0000 


I*0000 
0°*0000 


I‘O12! 
0°0052 


9°9893 


1°0243 
O'O104 
1‘O12I 
0'0052 
0°8471 
9°9279 


1°0452 
0'0192 


I°Q000 
0*0000 


ee Te ee ee 


S 
log / 








F 
log F 





' 
170793 || 0°8933 


0'033! 


1°0498 


o°o2tt 


I°rl2 
0'0461 


1°2237 
0°0877 


o0'988! 
9°9948 


11851 
0°07 38 


0°9881 
9°9948 
0°9821 
9°9922 


0°9763 
9°9896 


0°9647 
9°9844 


0°9531 
9°9792 


0°9881 
9°9948 


0°0334 


1'2904 
O°1107 


1°O0000 
0*°0000 


1I°Q0000 
0*°O0000 
0°9881 
9°9948 
10373 
O°O159 


1°0249 
0°O107 


0°9763 
9°9896 
0°9881 
9°9948 
1°1806 
0'0721 
0°9568 
9°9808 
I°OOO0O0 
0°0000 


9°9510 


0°9269 
9°9670 
0°8327 
9°9205 


1°2260 | 


0°0885 


1°0234 


O°OI00 : 


0°4990 
9°6981 


1°0234 
0°0100 


1°0352 
o°OI50 


1°0473 
0°O20I1 


1°0717 
0°0301 


1°0968 
0°0401 


1°0234 
0°0190 


| 


{ 


| 
0°8871 


9°9480 
0°6667 
9°8239 


I°0000 
0°0000 


1°0000 
0*°0000 


1°0234 
0°O100 


0°9485 
9°9770 


0°9707 
9°9871 


1°0473 
0°O20I 


1°0234 
0‘O100 


0°7690 
9°8860 


1°0880 
0°0366 


1°0O0O0O0 
0°0000 





loz J 
I°T195 
0°0490 
1°0789 
0°03 30 
1°2010 
0°0795 
0°8157 
9°O115 
0°9772 
9°9900 
2°0040 
O°3019 
0°9772 
9°9900 
0°9660 
9°9850 


0°9549 
9°9799 


0°933! 
9°9099 
0°9118 
9°9599 
0°9772 
9°9900 
1°1272 
0°05 20 
15000 
o°1761 
10000 
0°0000 
10000 
0°0000 
0°9772 
9°9900 
1°0543 
0°0230 


1°0302 
0°01 29 


0°9549 
9°9799 


0°9772 
9°9900 
1° 3003 
O°1140 
O°OI91 
9°9634 
I°0O00O 
0°0000 
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TABLE 10.— Factors F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 
Greenwich mean noon for common years, and at preceding midnight for leap yeare—Continued. 















































1874 | 1875 1876 1877 1878 ; 1879 
Component. =~ | : | | ra eemarae acne: oe i 
F S fo N oF area | eee J F t | a ef 
loglF | log / log F log / | log F log / | log F | logs log F | log / | log F-, log / 
Jus (MiJ  , 0°8717 | 171472 || 0°8604 | 171622 || 0°8588 | 1°1644 || 0°8667 | 1°1538 | 0°8846| 1°1305 || 0°9137 | 1°0945 
| 9°9404 | 0°0596 || 9°9347 | 0°0653 |; 9°9339 | 0°0661 || 9°9378 | 0°0622 | 9°9468 | 0°0532 || 9°9608 | 0°0392 
K, | 0°9096 | 1°0994 || 0°9004 | 1°1106 || O°89g1 | 1°1122 || 0°9056| 1°1043 || 0°9g200| 1°086g || 0°9428 | 1°0607 
9°9589 | O°04II || 9°9544 | 0°0456 || 9°9538 | 0°0462 || 9°9569 | 0°0431 || 9°9638 | 0°0362 || 9°9744 | 0°0256 
Kg 0°7878 | 1°2694 || 0°7638 | 1°3092 || 0°7604 | 1°3151 || 0°7772 | 1°2867 || 0°8148 | 1°2273 || 0°8738 | 1°1444 
9°8964 | 0°1036 || 9°8830 | 071170 |! g°8810 | O'11g0 || g°8g05 | 0°1095 || 9°9110} O°08go || 9°9414 | 0°0586 
Il, 1°8337 | 0°5453 || 0°9196 | 1°0874 || 0°7874 | 1°2700 || 1°1657 | 0°8578 || 1°8420 | 0°5429 || O°9649 | 1°0364 
0°2633 | 9°7367 || 9°9636 | 0°0364 | 9°8962 | 0°1038 || 0°0666 | 9°9334 || 0°2653 | 9°7347 || 9°9845 | 0°0155 
[1l,] 1°0321 | 0°9689 || 1°0372 | 0°9641 | 1°0380 | 0°9634 || 1°0343 | 0°9668 || 1°0267 | 0°9740 || 1°0162} 0°9841 
0°0137 | 9°9863 || 0°0159 | 9°9841 || 0°:0162 | 9°9838 || 0°0146 | 9°9854 || 0°0115 | 9°9885 || 0°0070| 9°9930 
M, 0°4374 | 2°2864 || 0°6038 | 1°6562 || 0°8150| 1°2270 || 0°5005 | 3°9981 || 0°4408 | 2°2688 || 0°6079 | 1°6450 
9°6408 | 0°3592 || 9°7809 | o°2191 || g°g111 | 0°0889 || 9°6994 | 0°3006 || 9°6442 | 0°3558 || 9°7838 | 0°2162 
M,, MS 1°0321 | 0°9689 || 1°0372 | 0°9641 || 1°0380 | 0°9634 || 1°0343 | 0°9668 || 1°0267 | 0°9740 || 1°0162 | 0°9841 
0°0137 | 9°9863 || 0°0159 | 9°9841 || 0°0162 | 9°9838 || 0°0146 | 9°9854 || 00115 | 9°9885 || 0°0070| 9°9930 
Ms 1°0486 | 0°9537 || 1°0563 | 0°9467 || 1°0575 | 0°9456 || 1°0519 | 0°9506 || 1°0404 | 0°9612 || 1°0244 | 0°9762 
0°0206 | 9°9794 || 0°0238 | 9°9762 || 0°0243 | 9°9757 | 0°0220 | 9°9780 || 0°0172 | 9°9828 || o°0105 | 9°9895 
M,, MN 1°0653 | 0°9387 || 1°0758 | 0°9296 || 1°0774 | 0°9282 || 1°0698 | 0°9348 || 1°0542 | 0°9486 || 1°0326| 0°9684 
0°0275 | 9°9725 |! 0°0317 | 9°9683 |! 0°0324 | 9°9676 || 0°0293 | 9°9707 || 0°0229 | 9°9771 || 0°0139 | 9°9861 
Me 1°0995§ | 0°g095 | 11158 | 0°8962 || 1°1183 | 0°8943 | 1°1065 | 0°9038 || 1°0824 | 0°9239 || 1°0493 | 0°9530 
0°0412 | 9°9588 || 0°0476 | 9°9524 |} 0°0485 | 9°9515 || 0°0440 | 9°9561 | 0°0344 9°9656 || 0°0209 | 9°9791 
Mx 1°1348 | o°8812 || 1°1573 | 0°8641 || 1°1607 | 0°8615 | 1°1445 0°8738 | 1°1113 | 0°8g998 || 1°0663 | 0°9378 
0°0549 | 9°9451 || 0°0634 | 9°9366 || 0°0647 | 9°9353 | 070586 | 9°9414 || 0°0458 | 9°9542 || 0°0279 | 9°9721 
Ng, 2N 1°0321 | 0°9689 || 1°0372 | 0°9641 || 1°0380 | 0°9634 || 1°0343 | 0°9668 || 1°0267 | 0°9740 || 1°0162 | 0°9841 
0°01 37 | 9°9863 || O°0159 | 9°984! || 0°0162 | 9°9838 |} 0°0146 | 9°9854 || O'0115 | g°9885 || 0°0070| 9°9930 
O:, Q: o0°8615 | 1°1607 || 0°8480/ 1°1792 |, 0°8461 | 1°1819 |; 0°8556 | 1°1688 || 0°8769 | 1°1404 |; O'gtIO}| 1°0977 
9°9353 | 0°0647 || 9°9284 | 0°0716 |) 9°9274 | 0°0726 || 9°9323 | 0°0677 | 9°9430 | 0°0570 || 9°9595 | 0°0405 
OO 0°6003 | 1°6658 |; 0°5669 | 1°7639 || 0°5622 1°7787 0'§854 | 1°7082 || 0°6396 | 1°5634 || 0°7322| 1°3658 
9°7784 | 0°2216 || 9°7535 | 0°2465 || 9°7499 | 0°2501 || 9°7675 | 0°2325 || 9°805g | O-1941 || 9°8646 | 071354 
P,, Re, T: 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°O0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 
| ©*0000 | 00000 || 0°0000 | 0°0000 |) 0°0000 | 0°0000 | 0°0000 | 0°0000 || 0°0000 } 0°0000 || 070000 | 070000 
Si,29394 | 10000} 1:0000 |} 1-0000 | 1°0000 || 10000 1 ‘0000 || 1°0000 10000 | 10000 | 1°0000 || 1°0000 | 1I°0000 
0°0000 | 0°0000 || 0°0000 |} 0°0000 || 00000 070000 | 0°0000 | 0°0000 || 0°0000 | 0000 || 0°0000 | 0°0000 
Aa» fee» Va 1°0321 | 0°9689 |} 1°0372 | 0°9641 |} 1°0380 | 0°9634 || 1°0343 | 0°9668 || 1°0267 | 0°9740 || 1°0162| 0°9841 
0°0137 | 9°9863 || 0°0159 | 9°9841 || 0°0162 | 9°9838 || 0°0146 | 9°9854 || O°OI15 | 9°9885 || 070070 | 9°9930 
MK 0°9388 | 1°c65!1 | 0°9339 | 1°0708 || 0°9332 | 1°0716 || 0°9366| 1°0677 | 0'9446 | 1°0586 || 0°9580| 1°0438 
9°9726 | 0°0274 || 979703 | 0°0297 || 9°9700 | 0°0300 || 9°9716 | 070284 |' 9°9753 | 0°0248 || 9°9814 | 0°0186 
| 
2MK 0°9690 | 1°0320 || 0°9686 | 1°0324 || 0°9686 | 1°0324 || 0°9687 | 1°0323 | 0°9699 | 1°0311 || 0°9735 | 1°0272 
9°9863 | 0°0137 || 9°9862 | 0°01 38 || 9°9862 | 0°01 38 || 9°9862 | 0°0138 , 9°9867 | 0°0133 || 9°9883 | O°ol17 
| 

2 MS 1'0653 | 0°9387 || 1°0758 | 0°9296 || 1°0774 | 0°9282 || 1°0698 | 0°9348 |, 10542 0°9486 || 1°0326 | 0°9684 
0°0275 | 9°9725 || 0°0317 | 9°9683 || 0°0324 | 9°9676 || 0°0293 | 9°9707 : 0°0229 | 9°9771 || 0°0139 | 9°9861 
MSf,2SM_ | 1°0321 | 0°9689 || 1°0372 | 0°9641 || 1°0380 | 0°9634 || 1°0343 | 0°9668 | 1°0267 | 0°9740 || 1°0162{ 0°9841 
0°0137 | 9°9863 || 0°0159 | 9°9841 || 0°0162 | 9°9838 || 0°0146 | 9°9854 | 0°0115 | 9°9885 || 0°0070 | 9°9930 
Mf 0°7192 | 1°3905 || 0°6934 | 1°4422 || 0°6897 | 1°4499 || 0°7077 | 1°4130 | 0°7489 | 1°3352 || 0°8167 | 1°2244 
9°8568 | 0°1432 || 9°8410 | 0°1590 || 9°8387 | 0°1613 || 9°8499 | O-1S0r || 9°8744 | 0°1256 || 9°9121 | 070879 
Mm 1°1226 | 0°8908 || 1°1435 | 0°8745 || 1° 1466 0°8721 |] 1°1316 | 0°8837 || r°1012 | o°g081 || 1°0605 | 0°9430 
0°0502 | 9°9498 || 0°0582 | 9°9418 || 0°0594 | 9°9406 || 0°9537 | 9°9463 || 0°0418 | 9°9582 || 0°0255 | 9°9745 
Sa, Ssa 1*0000 | 1°0000 |] 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 
: 0°0000 | 0°0000 || 0°0000 | 0°0000 || 00000 | 0°0000 |} 0°0000 | 0°0000 | 0°0000 | 0°0000 || 0°0000 | 0°0000 

| | 
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Greenwich mean noon for common years, and at preceding midnight for leap years—Continued. 


Ji. [Mi] 
K, 
K, 
L, 

[14] 
M, 

Mg, MS 
M; 

M,, MN 
M, 
Ms 

Nog, 2 N 

O1, Qi 
OO 

P,, Ro, Ts 

Sy a9 394 

As, pas V2 


MK 


2MS 
MSf, 2 SM 

Mf 

Mm 


Sa, Ssa 


fF 
log F 


0°955! 
9°980!1 


0°97 38 
9°9884 


0°9540 
9°9795 
0°8024 
9°9044 
1°0039 
O°O017 
0°9564 
9°9807 
1°0039 
O°OOI7 


1°0059 
0°0026 


1*0079 
0°0034 


1°o118 
0°0051 


1°o158 
0°0068 


1°0039 
O°0017 


0°9587 
9°9817 


0°8744 
9°9417 
1 "0000 
0°0000 


1°O0000 
0*°0000 


10039 
0°0017 


0°9776 
9°9902 
09814 
9°9918 
1°0079 
0°0034 


1°0039 
O°OO17 


0°9156 
9°9617 


1°O157 
0°0068 


1°O0000 
0°0000 





| 
| 


em 





log / 





10470 
0°0199 


1°0269 


o°o116 


1°0483 
0°0205 


1°2463 
0°0956 


0°9961 
9°9983 


1°0456 
9.0193 


0°9941 
9°9974 


0°9922 
9°9966 


0°9883 


 9°9949 
| 


0°9845 
9°9932 


0°9961 
9°9983 


1°0430 
0°0183 


1°1437 





0°9961 
9°9983 


F 
log F 





1°0092 
0°0040 
I°O1lg 
0'005 2 


1°O§12 
0°0217 


0°9803 
9°9914 


0°9914 
9°9963 


0°65.43 
9°8158 


0°9914 
9°9963 
0°9872 
9°9944 
0°9830 

9°9925 
0°97 46 
9°9888 


,0°9662 


| 9°9851 


0°9914 
9°9963 


1-O1g9 
0°0086 


| 10794 


0°0583 | 0°03 32 


I*0000 
0*0000 


1 ‘0000 
0°0000 
Here 
1°0229 
0°0098 
10189 
sai 


net 
9°9966 





0°9961 | 
9°9983 | 


1°0922 
0°0383 


0°9845 
9°9932 


T°OO000 |. 


I°0000 
| 0*°0000 


I°O0000 
0*0000 


0°9914 
9°9963 


1°0033 
0°0014 


0°9947 
9°9977 


0°9830 
9°9925 


0°9914 
9°9963 


1°0495 


| 0°0209 


0°9725 


| 9°9879 


St 
log S 
0°9909 
9°9960 
0°9882 
9°9948 
0°9512 
9°9783 
11,0201 
0°0086 


1°0086 
0°0037 


1°5284 
0°1842 


1°0086 
0°0037 


1°01 30 
0°0056 | 


1°O173 
0°0075 





1°0261 
O°O112 





1°0350 
O°O149 | 


1°0086 
0°0037 


0°9804 
9°9914 |. 





0°9264 
9°9668 | 


I *“0000 | 
0°0000 


1 °0000 


0°O0000 


0°0037 


O° | 


1°0086 - 
9°9986 


I 0053 | 
0'0023 


10173 | 
0°007§ |! 


9°9791 
1°0283 
O‘Or2I 


1°0000 


cooto | oon 0°0000 


1°0086 
0°0037 
0°95 30 








F 
log 
1°073! 

0°0306 


1°0540 
0°0229 


1°1553 
0°0627 


1°2726 
0° 1047 
o’980r1 
9°9913 
0°5482 
9°7389 
o'9801 
9°9913 
0°9703 
9°9869 
0°9606 

9°9826 


0°9415 
9°9738 


0°9228 
9°9651 
0'9801 
9°9913 


1°0Q912 
0°0379 


1 3526 
O°1312 


1882 


St 
log / 


0°9319 
9°9694 
0°9488 
9°9772 
0'8656 
9°9373 
0'7858 
9°8953 


| 


1°0203 
0°0087 


1°8242 
o°2611 


1°0203 


1 "0306 | 
0'0131 


1°O410 
O'0174 | 


1°0621 
0°0262 
1°08 36 
0° a 


I Sey 
0°0087 


0°9164 
9°9621 


0°7393 | 
9°8688 | 


I ‘0000 
0*0000 


0°0000 


1°0203 


1 ‘0000 
0°0087 
0°9680 

9°9859 
0°9876 
9°9946 | 


I asi 
O°O174 


1°0203 
0°0087 


0°8231 
9°9155 


10691 


0°02g0 


I °OO0O 
0°O000 


1883 


F S 
log F | log / 


1°1 386 
0°0564 


10940 
0°0390 


1°2494 
0°0967 


1°0$94 
0°0250 


0°9712 
9°9873 


0°654! 
9°8156 


0°9712 
9°9873 


0°957! 
9°9810 


0°9432 
9°9746 


0°9160 
9°9619 


0°8896 
9°9492 


0'9712 
9°9873 


1°1635 
0°0658 


1°6700 
0°2227 


1°0000 
0*0000 


1*0000 
0°0000 


0°9712 
9°9873 


1°0625 
0°0263 


1°0319 
0°01 36 


0°9432 
9°9746 


0'9712 
9°9873 


1°3939 
0°1442 


0°9072 
9°9577 


1 *O0O00 


0°8783 
9°9436 
0°9140 
9°9610 
0°8004 
9°9033 


0°9440 
9°9750 |, 


1°0297 
0°01 27 
o°1844 


1°0297 
0°0127 


1°0448 
0°0190 | 


1°0602 
0°0254 


1°OQI7 
0°0381 


11241 
a 


1*0297 | 
0'0127 | 


| 
1°5§289 
0°8595 
9°9342 
0°5988 
9°7773 


1°0000 
0*°0000 





1°0000 
ae 


I ee 
0'0127 





0'9412 
9°9737, 


0°9691 
9°9864 
| 





1°0602 
0°0254 


1°0297 |; 
0°0127 


O°7174 | 
9°8558 


1°1023 | 
0°0423 


1°0000 


0*0000 ; 0°0000 


pM Wee, oat otc cs ell tecae Tee nile ce a cel 





1884 


I°2201 
O° 0864 


1°9486 
0°2897 


I°0000 
0*0000 


I *O0O000 
0°0000 


0°9654 
9°9847 


1°0848 
0°0353 


1°0473 
0°0201 


0°9321 
9°9695 


0°9654 
9°9847 


1°5419 
0°1880 


0°8897 
9°9493 


1°0000 
0*O000 


0°8402 
9°9244 
0°8g00 
9°9494 


0°7605 
9°8811 


1°1§23 
00616 


1°0358 
0°015§3 
0°9696 
9°9866 |: 

| 


10358 
0'0153 


10541 
0'0229 


1°0729 || 
O° Bee 


I°Li42 
0°0458 


11510 
o'0611 





1°0358 
0°0153 


0°8196 
9°9136 
0°§132 
9°7 103 


1°0O00 
0°0000 


1°O0O00O0 
0*°0000 


1°0358 
0°0153 


| 





0°9219 
9°9647 





0°9549 
9°9799 





1°0729 
0°0305 


1°0358 . 
00153 | 


0°6486 | 
9°81 20 | 





1°1239 |) 
0°0507 





1°0000 | 


O°O000 


0°9635 
9°9839 


1.1408 
0°0572 


0°9635 
9°9839 


079458 
—-9°9758 


0°9284 
9°9677 


0°8946 
9°9516 


o'8619 


; 9°9355 


0°9635 
9°9839 


1°2412 
0°0938 


2°0597 
0°3138 


I°0O0O0 
0°0000 


1 °0000 


0°0000 


0°9635 
9°9839 


1°0929 
0°0386 


1°05 30 
0°0224 


0°9284 
9°9677 


0°9635 

9°9839 
1°5989 
0°2038 
| 0°8840 
9°9465 
1°0000 
0°0000 
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TABLE 10.—Faetors F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 
Greenwich mean noon for common years, and at preceding midnight for leap years—Continued. 


| 1886 





























| 1887 | 1888 
Component. «— . ee = F 
| log F ier : log F log / | log ¥ log / 
| 
ey ome eee ee eaten eee 
Ji, [Mi] | 11885 | 0°8414 | 171360 | 0°8803 | 1£°0702 | 0°9344 
| 0°075§0 | 9°9250 | 0°0554 | 9°9446 pi ee99s 99785 
{ 
K, | 111226 | 0°8908 | 1°0925 | 0°9153 || 170522 | 0°9504 
0°0502 9°9498 | 0°0384 | 9°9616 | 0°0221 | 9°9779 
K, 1°3129 o"7617 | 1°2460 | 0°8026 |, 1°1508 | 0°8689 
071182 ae 0°0955 | 9°9045 || 0°0610 | 9°9390 
L, 0°9943 10058 | 1°2143 | 0°8235 || 10581 | 0°9451 
9°9975 | 0°0025 || 0°0843 | 9°9157 || 0°0245 | 9°9755 
[1,] 0°9656 | 1°0356 || 0°9715 | 1°0294 |, 0°9806 er 
9°9848 | 0'01§2 || 9°9874 | 0°0126 || g*gg15 | 0°0085 
M, 0°7 330 | 1°3643 || o-§6810 | 1°7211 || 0°6278 | 1°5929 
9°8651 | 0°1349 || 9°7642 | 02358 || 9°7978 orate) 
M,, MS 0°9656 | 1°0356 | 0'9715 | 1'0294 |! 0°9806 | 1'0198 | 
9°9848 | 00152 || 9°9874 | 0°0126 || g'ggI5 070085 , 
| 
Ms 0°9489 | 1°0539 | 0°9575 | 1°0444 || 0°9710 | 1°0299 | 
9°9772 | 0°0228 || 9°9811 oro189 | 9°9872 | 0°01 28 
M,, MN 0°9324 | 1°0725 || 0°9438 1°0§96 | 0'96r5 | 1°0400 
9°9696 | 0°0304 || 9°9749 ae 9°9830 | o°0170 
M, 0°9003 | 1°I107 | 0°9168 | 1:0907 ' 0°9428 | 1°0606 
| 979544 | 070456 | 9°9623 | 0°0377 | 9°9744 | 0'0256 
| ! 
Mg | 0°8694 | 1°1503 || 0°8907 | 1°1227 0°9245 | 1°0816 
9°9392 | 0°0608 || 9°9497 | 070503 | 9°9659 | 0°0341 
Nz, 2N 0'9656 10356 | 0°9715 | 1°0294 | 0°9806 | 1°0198 
9°9848 Oror§2 | 9°'9874 | 0°0126 || 9°9915 | 0°0085 
O01, Q: 12182 0°8209 1°1607 | 0°8616 || 1°0880 | o'gI9g1 
0°0857 | 9°9143 |] 0°0647 | 9°9353 | 2°0366 | 9°9634 
OO 1°9390 | 0°5157 || 1°6568 | 0°6036 || 1°3395 | 0°7465 
0°2876 | 9°7124 || 0°2192 | 9°7808 || 0°1270 | 9°8730 
P,, R2, T: 1*0000 | 1°0N00 || 1°0000 | I°COOO || 1°0000 1°0000 | 
©*9000 | 0°0000 || 0°0000 Pere 0*0000 | 0°0000 
Sherer 1'0000 | z‘0000 || 1°0000 | 1°0000 || 1*0000 | 1°0000 
0°0000 | 0°0000 || 0°0000 0°0000 | 0°0000 | 0°0000 
Ags flay V3 0°9656 | 1°0356 || 0°9715 | 1°0294 || 0°9806 | 1'0198 
9°9848 | 0°0152 | 9°9874 | 0°0126 | g°9915 | 0°0085 
| 
MK 1°0840 | 0°9225 || 1°0614 0°9422 || 1°0317 | 0°9692 
070350 | 9°9650 || 0°0259 | 9°9741 || 0°0136 | 9°9864 
2MK 10467 | 0°9554 | 1°0311 | 0°9698 || 1-017 | 079884 
0°0108 | 9°g802 | 0°0133 9°9867 || 0°0050 | 9°9950 
2MS 0°9324 | 1°0725 || 0°9438 | 1°0596 | 0°9615 | 1°0400 
9°9696 | 0°0304 || 9°9749 | 0°0251 | 9°9830 | o'0r70 
MSf, 2SM_ | 0°9656| 1°0356 | 0°9715 10294. 0°9806 | 1°0198 
9°9848 | 0°0152 | 9°9874 | 0°0126 | g°g915 | 0°0085 
| 
Mf 1°5369 | 0°6506 || 1°3867 | 0°7212 || 1°2072 | 0°8283 
0°1866 | 9°81 34 |: 0°1420 | 9°8580 || 0°0818 | 9°9182 
Mm 0°8903 | 1°1233 | 0°9082 | I'1OII || 0°9368| 1°0674 
9°9495 | 0°0505 |; 9°9582 | 0°0418 || 9°9717 | 0°0283 
Sa, Ssa 1:0000 | 1'0000| 1-0000| 10000 || 10000 | 10000 
0°0000 | 0°0000 | 0°0000 | 0°0000 || 0°0000 | 0°'0000 
2 15 


S. Ex. 8, pt. 





F 
log F 
' 1°0066 
0°0028 
{ 
| I°o1o!r 
! 0°0044 


' 10467 
| O'0198 
0'8301 
| 9°9191 





0°9920 
9°9965 


0°9302 
9°9686 


0°9920 

| 9°9965 
0'9880 
9°9948 

| 

( 

| 


0°9840 
9°9930 
0°976!1 
9°9895 
0'9683 
 9°9860 
| 0°9920 
| 9°9965 


1°O170 
0°007 3 
10689 
0°0289 


| ¥-0000 
| 00000 


1°0000 
0*0000 


9°9965 
1°0020 
0°0009 


0°9920 
0°9940 
9°9974 
0°9840 
9°9930 

| 

l 0°9920 
9°9965 
1'0426 

 oor81 


0°9744 
9°9887 
1°0000 
0‘°OQ000 














1889 


S 
log S 
0°9935 
9°9972 


0°9g9g00 
9°9956 


| 
0°9554 | 


9°9802 


1°2047 
0°0809 


1°0o81 | 


0°0035 


1'0750 
0'0334 


r°oo8 1 |: 
00035 | 


1°O122 
0'0052 


1°0162 


0°9356 


1°0081 
0°0035 
0°9980 
9°999! 
1°0061 
0°0026 
1°O162 
0°0070 
1°0081 
0°0035 
0°9591 
9°9819 
1°0263 
O'O113 
1°O000O 
0°0000 


| 
I 











09531 
| 9°9792 


| 0°9723 
9°9878 
0°95§02 


| 9°9778 


0°8671 
9°9380 
1°0045 
O°O0019 
0°7560 
9°8785 


1°0045 
O'001g 


1°0067 
0°0029 


1°0089 


0°0039 





1°O1 34 
0°0058 
0°0077 
1°0045 
o'0019 


0°9564 
9°9806 
0°8671 


1°O179 
9°9381 


| 170045 
| O'OOIG 


| 0°9766 
9°9897 


0°9810 
9°9917 


1°0089 
0°0039 


10045 
o°0019 


0°9107 
9°9594 


1°0176 
0°0076 


I*0000 





| 


er SS 


0°0000 | 0°*O0000 


es St 
tog log / 





F 
log F 


1°0492 || 0°9123 
0°0208 || 99601 


1°0285 
0°01 22 


1°05 24 
0°0222 


1°1533 
0°0620 


0°9956 | 
9°9981 | 


0°9417 
9°9739 
0°8710 
9°9400 
1°410! 
0°1492 


1°0166 
0°0072 


1°3228 | 0°4783 


O°1215 





| 
| 


0°9956 
9°9981 





0°9933 
9°9971 | 


0'9912 | 
9°9961 | 
0°9868 | 
9°99 +2 | 
0°9824 | 
9°9923 





0°9956 | 
9°9981 
| 


1°0456 
O'O194 


1°15 32 | 
O'0D19 
10000 


0°0000 


1°0000 
O0*0000 


0°9956 
9°9981 


0°9956 
9°998! 


10981 
0°0406 


oO 9827 


1°0239 
0°0103 
1°0194 | 
9°9924 


0°008 3 
0°9932 
9°9961 
1°0O000 


9°6797 


1°0166 
0°0072 


10251 


0°0108 


1°0336 
0°0143 


1°0508 
0°0215 


1°0683 
0'0287 


1°01 66 
0°0072 
0°9093 
9°9587 


0°7275 
9°8618 


I *0000 
0*0000 
1°0000 
0°*0000 


1°O166 
0°0072 


0°9573 
9°98II 


0°97 33 
9°9882 


1°03 36 
0°0143 


1°0166 
0°0072 
0°8133 
9°9103 
1°0623 
0°0262 


{[°O0O0O0 
0*0000 


1891 


S 
log / 
1°0962 
0°0399 


1°0620 
0°0261 


1°1481 
0°0600 


0'7092 
9°8508 
0°98 36 
9°9928 
2°0907 
0°3203 
0°9836 
9°9928 


0°9755 
9°9892 


0°9675 
9°9857 


0°9517 
9°9785 
0°9361 
9°9713 
0°98 36 
9°9928 


1°0997 
0°0413 


1°3746 
0°1 382 
10000 
0°0000 
1 ‘0000 
0°0000 
0°9836 
9°9928 
1°0446 
0°0189 


10275 
O°OI18 


0°9675 
9°9857 
0'9836 
9°9928 
1°2295 
0°0897 
0°9414 
9°9738 


1*OG00 
0°0000 
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TABLE 10.—Faotors F and f for reduction and prediction of tides ; computed for the middle of each year, or for July 2, at 
Greenwich mean noon for common years, and at preceding midnight for leap years—Continued. 


1892 1893 1894 1895 1896 1897 











Component. 





Sa ee | 
F Sf | F Sf : F Sf F Sf F S | F Si 
log F log / log F log / log F log f |; log F log / log F log f ;| log F log / | 
- | tea ' sor Sl 

| 



































0°8724 | 1°1463 
9°9407 | 0°0593 





9°9463 | 0°0537 |, 9°9376 | 0°0624 || 9°9338 ice 9°9348 | 070652 





0°9243 0°0204 9°9796 | 0°0148 | 9°9852 


Ji, (Mi) 0°8836 | 1°1317 |) 0°8661 | 1°1546 || 0°8587 ieee 0'8607 - 
K, 0°9192 | 1°0878 || 0°9051 | 1°1049 || O°8gg0 | 1°1124 || 0°9006 | 1°1103 |; 0'9102 | 1°0987 | 0°9278| 1°0778 
9°9634 | 0°0366 || 9°9567 | 0°0433 || 9°9538 | 0°0462 || 9°9546 | 0°0454 || 9°9591 | O°0409 | 9°9675 | 0°0325 
Kg 0°8128 | 1°2303 || 0°7760 | 1°2886 || 0°7601 | 1°3156 || 0°7644 | 1°3082 || 0°7892 | 1°2670 || 0°8352| 1°1974 
9°9I00 | 0°0900 || 9°88g99 | O'IIOT || 9°880g | O'IIQI || 9°8833 | 0°1167 || 9°8972 | 0°1028 || 9°9218 | 0°0782 
ly 1°4651 | 0°6826 || 0°8437 | 1°1853 || 0°8202 | 1°2192 || 1°4211 | 0°7037 || 1°6465 | 0°6073 || 0°8766| 1°1408 
0°1659 | 9°8341 || 9°9262 | 0'0738 || 9°9139 | 0°0861 || 0°1526 | 9°8474 || 0°2166 | 9°7834 || 9°9428 | 0°0572 
[ls] 1°0271 | 0°9736 || 1°0346 | 0°9666 || 1°0380 | 0°9634 || 1°0371 | 0°9643 || 1°0318 | 0°96g2 || 1°0229 | 0°9776 
0°0116 | 9°9884 || 0°0148 | 9°9852 || 0°0162 | 9°9838 || 0°0158 | 9°9842 || 0°01 36 me 0°0098 | 9°9902 
M, 0°4633 | 2°1582 || 0°6975 | 1°4337 || 0°7305 | 1°3689 || 0°4596 | 2°1758 || 0°4465 | 2°2398 | 0°6799| 1°4708 
9°6659 | 0°3341 |) 9°8435 | 0°1565 || 9°8636 | 0°1364 || 9°6624 | 0°3376 || 9°6498 | 0°3502 | 9°8324 | 0°1676 
M;, MS 1'0271 | 0°9736 || 1°0346 | 0°9666 || 1°0380 | 0°9634 | 1°0371 | 0°9643 || 1°0318 | o'9692 | 1°0229| 0°9776 
0°0116 | 9°9884 |, 0°0148 | 9°9852 || 0°0162 | 9°9838 || 0°0158 | 9°9842 || 0°0136 | 9°9864 || 0°0098 | 9°gQ902 
Ms 1'0410 0°9607 || 1°0§23 | 0°9503 || £°0576 | 0°9455 || 1°0562 | 0°9468 || 10481 | 0°9541 | 1°0346| 0°9666 
0°0174 | 9°9826 || 0°0221 | 9°9779 9°9757 || 0°0237 | 9°9763 


Ms, MN | 1°0550 saa 1°0703 | 0°9343 || 1°0775 | 0°9281 | 1°0755 | 0°9298 


1'0646 | 0°9393 || 1°0464 | 0°9557 
0°0232 | 9°9768 | 0°0295 | 9°9705 || 0°0324 


9°9676 || 0°0316 | 9°9684 || 0°0272 | 9°9728 | 0°0197 | 9°9803 
; | 
Me 1°0836 | 0°9229 


o°8941 || 1°1154 | 0°8965 
0°0349 | 9°9651 


9°9514 || 0°0474 | 9°9526 


1°1073 | O°9031 || 1°1185 


1°0985 | 0°9103 | 1°0703 | 0°9343 
0°0443 | 9°9557 || 0°0486 


1 


0°0408 9°9592 0°0295 | 9°9705 





Ms 1°1130 | 0°8985 
0°0465 | 9°9535 


1°1456 | 0°8729 || 1°1610 


1°1334 | 0°8823 || 1'0949 | 0°9134 
0°0590 | 9°9410 || 0°0648 


0°0544 | 9°9456 | 070394 |} 9°9606 


0°8613 | 1°1568 | 0°8645 
9°9352 || 0°0632 | 9°9368 


1°0346 | 0°9666 0380 | 0°9634 || 1°0371 | 0°9643 


} 
10318 | 0°9692 | 1°0229] 0°9776 
0°0136 | 9°9864 | 0°0098 | 9°9902 


N,, 2N 1°0271 | 0°97 36 


O'O116 | 9°9884 9°9838 || o-01§8 | 9°9842 


0°8549 | 1°1697 || 0°8459 











0°0000 | 0*°0000 | O0*0000 


0°0148 | 9.9852 |} 0°0162 
01, Q:1 0°8758 |} I°r4ig 1°1821 || 0°8484 | 1°1787 || 0°S624 | 1°1596 | 0°8886 | 1°1254 
9°9424 | 0°0576 || 9°9319 | 0°0681 || 9°9273 | 0°0727 || 9°9286 | 0°0714 |) 9.9357 0°0643 | 9°9487 | 0°0513 
OO 0°6367 | 1°5707 || 0°5837 | 1°73%31 || 0°5618 | 1°7800 || 0°5677 | 1°7614 || 0°6024 1'6600 | 0°6706 | 1°4914 
9°8039 | O'1961 || 9°7662 | 0°2338 || 9°7496 | 0°2504 |] 9°7541 | 0°2459 || 9°7799 | 0°2201 | 9°8264 | 0°1736 
P,, Rg, Ts | 1°0000 | 1°0000 || 10000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 |} 1°0000 | 1°0000 | 1*0000 | 1°0000 
0°0000 | 0°0000 0°0000 | 0°0000 |} 0°0000 | 9°0000 || 0°0000 | 0°0000 |} 0°0000 | 0’0000 || 0°0000 | 00000 
Si-2-3-4 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 10000 || 1°0000 | 1°0000 || 1*0000 | 1*0000 | 1°0000 | 1°0000 
0°0000 | 0°0000 0°0000 | 0°0000 |} 0°0000 | 0°0000 0°0000 | 0°0000 |} 0°0000 | 0°0000 |} 0°0000 | 0*0000 
Aas fa) V2 1°0271 | 0°9736 || 1°0346 | 0°9666 || 1°0380 | 0°9634 || 1°037! | 0'9643 || 1°0318 | 09692 || 1°0229 | 0°9776 
o'0116 | 9°9884 |} o'0148 | 9°9852 || 0°0162 | 9°9g838 || 0°0158 | 9°9842 || 0°0136 | 9°9864 |! 0'0098 | 9g*gg02 
MK 0'9442 | 1°059I |] 0°9364 | 1°0679 || 0°9332 | 1°0716 || 0°9340| 1°0706 || O*g391 | 1°0648 || O'9491 | 1°0536 
9°9750 | 0°0250 || 9°9714 | 0°0286 || 9°9700 | 0°0300 || 9°9704 | 0°0296 || 9°9727 | 0°0273 || 9°9773 | 0°0227 
2MK 0°9698 | 1°0312 || 0°9687 | 1°0323 || 0°9687 | 1°0324 || 0°9687 | 1°0324 || 0°9690 | 1°0220 || 0°9709| 1°0300 
9°9867 | 0°0133 | 9°9862 | 0°0138 || 9°9862 | 0°01 38 || 9°9862 | 0°01 38 || 9°9863 | 0°0137 |) 9°9872 | 0°0128 
2MS 1°0§50 | 0°9479 |, 1°0703 | 0°9343 || 1°C775 | 0°9281 || 1°0755 | 0°9298 }| 1°0646 | 0°9393 | 1°0464 | 0°9557 
0°0232 | 9'9768 0°0295 | 9°9705 || 0°0324 | 9°9676 || 0°0316 —o 0°0272 | 9°9728 || 0°0197 | 9°9803 
MSf, 2SM_ | 1°0271 | 0°9736 |' 1°0346 | 0°9666 || 1°0380 | 0°9634 || 1°0371 | 0°9643 || 1°0318 | 0°g692 || 1°0229 | 0°9776 
0°0116 | 9°9884 |, 0°0148 | 9°9852 || 0°0162 | 9.9838 || 0°0158 | 9°9842 || 0°01 36 | 9°9864 || 0°0Cc98 | 9°9902 
Mf 0°7467 | 1°3392 || 0°7064 | 1°4156 || 0°6894 | 1°4506 || 0-640 aed 0°7208 | 1°3874 || 07719 | 1°2955 
9°8732 | 0°1268 |} 9°8491 | 071509 || 9°8385 | O'1615 || g°8g14 | 0°1586 || 9°8578 | 0°1422 || 9°8876| o-1124 
Mm 1°1027 | 0°906g || 1°1326 | 0°8829 | 1°1469 see! 1°1430 | 0°8749 || 1°1214 | 0°8918 || 1°0862 | 0°9206 
0°0424 | 9°9576 — 0°0$4T | 9°9459 | 9°0595 | 9°9405 | 0°0580 | 9°9420 || 0°0498 | 9°9502 || 0°0359 | 9°9641 
Sa, Ssa I*0000 | 1°0000| 1°0000! 1°0000 | 1°0000 10000, 1*0000 | 1°0000 || T°0000 | 1*0000 || 1°0000} 1°0000 
0°0000 | 0°0000 0°0000 || 070000 | 070000 || 070000 | 070000 |} 0.0000 | 0°0000 


Component. 


Jy (Mi) 
K, 
Kg 


L, 


| Ng, 2 N 
O1, Qi 
OO 
P,, Ra, Ts 
Sty 29394 


Aas 25 ¥3 


REPORT FOR 1894—PART IT. 


Greenwich mean noon hid common years, and at preceding midnight for leap years—Continued. 


ei F 
0°9283 
9°9677 


0°9538 
9°9795 


0°9025 
9°9555 


0.8138 
9°910§ 
T'Or16 
0°0050 
0°8576 
9°9333 


1°O116 
0°0050 


1°0173 
0°0075 


1°0232 
o°o100 
1°0350 
O'0149 
1°0469 


O°OI199 
1'o116 
0°0050 


0°9279 
9°9675 
0°7807 
9°5925 
1°0000 
0°0000 
1°0000 
0°0000 
1°0116 
0'0050 
0'9648 
9°9844 
0'9760 
9°9894 
1°0232 
O°O100 


1°o116 
0°0050 
o-8511 
9°9300 
1°0433 
0°0184 


I°0000 
0°*0000 





Lon / 


1°0773 
0'0323 


1°0484 
0°0205 
1°1080 
0°0445 
1°2288 
0°0895 
0°9886 
9°9950 
1.1660 
0°0667 
0°9886 
9°9950 
0°9829 
9°9925 
0°9773 
9°9900 
0°9662 
9°9851 
0°9552 
9°9801 
0°9886 
9°995° 
1°0778 
0°0325 
1°2809 
O°1075 
1*O0000 
0°0000 
1 ‘0000 
0°0000 
0°9886 
9°9950 
1°0365 
0°0156 


1°0246 
0°0106 


0°9773 
9°9900 
0°9886 
9°9950 
1°1750 
0°0700 


0°9585 
9°9816 


I°Q0000 
0*0000 


feel rararai 


0°9746 
9°9888 
0°9878 
9°9947 
0°9899 
9°9956 
I°1150 
0°0473 
0°9991 
9°9996 
' O'5615 
9°7494 





0°9991 
9°9996 





0'9986 
9°9994 





0°9981 
9°9992 
0°9972 
9°9988 
0°9962 
9°9984 
0°9991 
9°9996 
0°9808 
9°9916 
0°9454 
9°9756 
I °O0000 
0°0000 
I °OO000 
0°0000 
0°9991 
9°9996 
0°9868 
9°9942 
0°9859 
9°9938 
0°9981 
9°9992 
0°9991 
9°9996 
0°9630 
9°9836 
0°9986 
9°9994 
I °O0O000 
0°0000 


ioe 





1°0261 
O°O11I2 


1°O124 
0°0053 


10102 
0°0044 
0°8969 
9°9527 


10009 
0°0004 


1°7809 
0°2506 


10009 
0°0004 


I‘OOTS 
0°0006 


10019 
0°0008 
1°0028 
o°O0O12 


10038 
0°0016 


1°0009 
0°0004 


10195 
0°0084 


1°0577 
0°0244 


1°0000 
0°*0000 


I ‘0000 
0°0000 
I"0009 
0°0004 
1°0133 
0°0058 


1°O143 
0°0062 


1‘OO19 
0°0008 


I*0009 
0°0004 
1°0384 
o'0164 


1°OO14 
0°0006 


I *0O00O0 
Q*°0000 


| 1900 


F 
| log F 





1°0329 
O'OI4I 


1°0279 
0°0120 


1'0913 
0°0379 


1°3279 
0°1232 


0°9869 
9°9943 


0°5259 
9°7209 
0°9869 
9°9943 
0°9804 
9°9913 


0°9739 
9°9885 


o°9611 
9°9828 


0°9485 
9°9770 
0°9869 
9°9943 


1°0465 
0°0198 


1°1769 


0°0707 
1*0000 
0°0000 
1*0000 
0°0000 
0°9869 
9°9943 


I°O144 
0°0062 


I°Oorl 
0°0005 


0°9739 
9°9885 
0°9869 
9°9943 
| 1°1098 
| 070452 
0°9573 
g'98I1 


I°O0O000 
0°0000 


St 
log / 





0°9681 
9°9859 
0°9728 
9°9880 


0°9164 
9°9621 


0°753! 
9°8768 


1°0133 
0°0057 


1°g016 
0°2791 


1°0133 
0°0057 


1°0200 
0°'0086 


1°0268 
O°OLI5 


1°0404 
0'0172 


1°0543 
0°0230 


1°0133 
0°0057 


0°9555 
9°9802 


0°8497 
9°9293 
T°O0OOo0o0 
0°0000 
1 ‘oooo 
0°0000 
1°01 33 
0°0057 
0°9858 
9°9938 
0°9989 
9°9995 
1°0268 
O°OITS 


1°0133 
0°0057 


O’90I1 
9°9548 


1'0446 
0°0189 


1°0000 
0*0000 


1901 


log F 





1°0988 
0°0409 
1‘O701 
0°0294 


1°1938 
0°0769 


0°9704 
9°9870 


0°9764 
9°9896 


0°7149 
9°8542 


0°9764 
9°9896 
0°9648 
9°9844 
0°9533 
9°9792 


0°9307 
9°9688 


0°9087 
9°9584 


0°9764 
9°9896 


1°11Q7 
0°0491 


1°4725 
o'1681 


1*0000 
0°0000 
1°0000 
0°0000 
0°9764 
9°9896 
1°0448 
0°01g0 
1°O201 
0°0086 


0°95 33 
9°9792 


0°9764 
9°9896 


1°2840 
0°1086 


0°9234 
9°9654 


1°O0O0 | 


0°0000 


log / 





O'gIOI 
9°959! 


0°9345 
9°9706 
0°8377 
9°9231 
1°0305 
0°01 30 
1°0242 
O°O104 
1° 3988 
0°1458 


1°0242 
O0'O104 


1°0365 
0°O156 


1°0490 
0°0208 


1°0744 
0°0312 


1° 1004 
0°0416 


1°0242 
O°0104 
0°8931 
9°9509 
0°6791 
9°8319 
10000 
0°0000 


I*000O0 
0°0000 


1°0242 
O°O104 


0°957! 
9°9810 
09803 
9°9914 


1°0490 
0°0208 


1°O242 
O°O104 
0°7788 
9.8914 
1'0830 
0°0346 


1°0000 
0°0000 





1902 


log F 

1°r61r 
0°0649 
1°1072 
0°0442 


1°2790 
0°1069 
0°8383 
9°9234 
0°9686 
9°9861 


1°1662 
0'0668 


0°9686 
9°9861 
0°9532 
9°9792 
0°9381 
9°9722 
0°9086 
9°9584 
0°8800 
9.9445 


0°9686 
9°9861 


1°1882 
0°0749 
1°7884 
0°2525 
1 ‘0000 
0°00CO 
I ‘0000 
00000 
0°9686 
9.9861 


1°0723 
0°0303 


1°0386 
0°0164 
0°9381 
9°9722 
0°9686 
9°9861 


1°4578 
0°1637 
o°8991 
9°9538 
1*0000 
0°0000 


S 
log / 





o°8612 
9°935! 


0°9032 
9°9558 
o°7819 
9°8931 


I*1929 
0°0766 


1°0325 
0°0139 


0°8575 
9°9332 


1°0325 
0'0139 


I°O491 
0°0208 
1°0660 
0°0278 
1°1006 
0°0416 


1°1 364 
0°0555 
1°0325 
0°01 39 
0°8416 
9°9251 


0°5592 
9°7475 


I°O0000 
0°0000 
I ‘0000 
0°0000 
1°0325 
0°01 39 
0°9326 
9°9697 
0°9629 
9°9836 
1°0660 
0°0278 


1°0325 
0°0139 
0°6860 
9°8363 
I°1122 
0°0462 


1°O0O0O 
O 0000 





F 
log F 
1°2022 
0'0800 


1°1302 
0°05 32 


I*3292 
0°1236 


0°895! 
9°9518 


0°9642 
9°9842 


0°9354 
9°9710 


0°9642 
9°9842 


0'9468 


-9°9763 


0°9298 
9°9684 
0°8965 
9°9526 
0°8645 
9°9368 
0°9642 
9°9842 
1°2332 
O'0g10 
2°O172 
0°3048 
I*0000 
0°0000 
I ‘0000 
0°0000 
0°9642 
9°9842 
1°0898 
0°0374 
10508 
0'0215 
0°9298 
9°9684 
0°9642 
9°9842 
1°5772 
0°1979 
0°8861 
9°9475 


I°0000 
0°0000 


SS SLA SS OR eres A 
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TaBLE 10.—Factors F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 


Se 


S 
log / 


0°8318 
9°9200 
0°8848 
9°9468 
0°7524 
9.8764 
I°r172 
0°0482 


1°037! 
0°0158 


1°0690 
0'0290 | 


1°0371 | 
O°0158 | 


1'0562 | 
0.0237 


1°0755 
0°0316 


I°Il54 
0°0474 
11568 
0°06 32 


10371 
0°0158 
o'8109 
9°9090 
0°4957 
9°6952 
1 ‘0000 
0°0000 
1‘0000 
0°0000 


1'037! 
o0°0158 


0°9176 
9°9626 


0°9516 
9°9785 


1°0755 
0°0316 


1°0371 
0-0158 


0°6340 
9°8021 


1°1285 
0°0525 


T°O0O000 
0°0000 
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TABLE 10.— Factors Fand f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 


UNITED STATES COAST AND GEODETIC SURVEY. 





















































Green mean noon for common years, and at preceding midnight for leap yeare—Continued. 
1904 ! 1905 | 1906 : 1907 1908 | 1909 
Component. 
F va F S F S F 4 F S 
log F log / log F log / log F ise. S ie F log/ ;| log F log / log F log / 
Ji [Mi] 12061 | 0°8291 || 1°1711 | 0°8539 || 171113 | 0°8g9g99 || 1°0449 | 0°9570 || 0°9846 | 1°0156 | 0°9358 | 1°0686 
0°0814 | 9°9186 || 0°0686 | 9°9314 || 0°0458 | 9°9542 || O'0I191 | 9°9809 || 9°9933 | 0°0067 || 9°9712 | 0°0288 
K, 1°1323 | 0°8831 |) 1°1128 | 0°8986 || 1°0777 | 0°9279 || 1°0358 | 0°9654 || 0'g949 | 1°0052 || 0°9595 | 170422 
0°0540 | 9°9460 || 0°0464 | 9°9536 || 0°0325 | 9°9675 || 0°0153 | 9°9847 || 9°9978 | 0°0023 || 9°9821 | 00179 
Kg 1°3336 | 0°7499 || 1°2916 | 0°7742 || 1°2117 | 0°8253 || I°110g | O°go02 || 1°co80 | 0°9920 || 0°9172 | 1°0902 
0°1250 | 9°8750 || O-KIIT | 9°8889 || 0°0834 | 9°9166 || 0°0457 , 9°9543 || 0°0035 | 9°9965 || 9°9625 | 0°0375 
L, 1°0807 | 0°9254 || 1°1650 | 0°8584 || 0°9514 | 1°OS1r || 0°8192 | 1°2207 || 0°g416 | 1°0620 || 1°5314 | 0°6530 
0°0337 | 9°9663 || 0°0663 | 9°9337 || 9°9783 | 0°0217 |, 9°9134 | 0°0866 || 9°9739 | 00261 | 071851 | 9°8149 
(L.] 0°9639 | 1:0375 || 0°9674 | 1°0336 || 0°9746 | 1°0260 || 0°9848 | 1°0155 || 0°9967 | 170033 || 1°0093 | 0°9908 
9°9840 | 0°0160 || 9°9856 | 0°0144 || 9°9888 | o°or12 || 9°9933 | 0°0067 || 9°9986 | o-0014 || 0°0040 | 9°g960 
M, 0°6636 | 1°§070 |) 0°6086 | 1°6432 || 0°7465 | 1°3396 || 1°0574 | 0°9457 || 0°6762 | 1°4789 || 0°4735 | 2°1120 
9°8219 | 071781 || 9°7843 | 0°2157 || 9°8730 | 0°1270 || 0°0242 | 9°9758 || 9°8300 | 071700 || 9°6753 | 0°3247 
| 

M,, MS 0°9639 | 1°0375 || 0°9674 | 1°0336 || 0°9746 | 1°0260 || 0°9848 | 1°0155 || 0°9967 | 1°0033 || 170093 | 0°9908 
| 9°9840 | O°0160 || y°9856 | 0°01 44 || 9°9888 | O'or12 || 9°9933 | 0°0067 9°9986 | 0°0014 || 0°0040 | 9°9960 
M; 0°9463 | 1°0567 |} 0°9515 | 1°0509 || 0°9623 | 1'0392 0°9773 | 1°0233 || 0°9951 | 1°0049 || 10140 | 0°9862 
9°9760 | 0°0240 || 9°9784 | 0°0216 || 9°9833 | 0°0167 || 9°9g900 , 0°0100 || 9°9979 | O'002I || 0°0060 | 9°9940 
M,, MN 0°9291 | 1°0764 || 0°9360| 1°0684 || 0°9499 | 1°0527 || 0°9698 | 1°0312 | 0°9934 | 1°0066 || 1°0186 | 0°9817 
9°9680 | 0°0320 || 9°9713 | 0°0287 || 9°9777 | 0°0223 || 9°9867 | 0°0133 | 9°9971 | 0°0029 || 0°0080 | 9°9920 
Mz 0°8955 | 1°1167 || 0°9g055 | 1°1044 || 0°9259 | 1°0801 | 0°9550 | 1°0472 | 0°9902 | 1°009Q || 1°0281 | 0°9727 
9°9521 | 0°0479 || 9°9569 | 070431 || 9°9666 | 0°0334 |! 9°9800 | 0°0200 | 9°9957 | 0°0043 || 00120 | 9°9880 
Ma 0°8631 | 171586 || 0°8760 | 1°1415 || o'g024 | 171082 || 0°9404 | 1°0634 || 0°9869 | 1°0133 || 1°0376 | 0°9637 
9°9361 | 070639 || 9°9425 | 0°0575 || 9°9554 | 0°0446 || 9°9733 | 0°0267 ! 9°9943 | 0°00§7 || 0°0160 | 9°9840 
Nz, 2 N 0°9639 | 1°0375 || 0°9674 | 1°0336 || 0°9746 | 1°0260 | 0°9848 | 1°O1S5 || 0°9967 | 1°0033 || 1°0093 | 0°9908 
9°9840 | 0°0160 || 9°9856 | 0°01 44 || 9°9888 | 00112 |; 9°9933 | 0°0067 || 9°9986 | 0-0014 || 0°0040 | 9°9960 
Or, Qi 1°2375 | 0°8081 || 1°1992 | 0°8339 || 1°1335 | 0°8823 || 1°0599 | 0°9435 || 0°9922 | 1°0078 || 0'9366| 1°0677 
0°0925 | 9°9075 || 0°0789 | 9°9211 || 0°0544 | 9°9456 || 0°0253 | 9°9747 || 9°9966 | 0°0034 || 9°9716 | 0°0284 
OO "20396 | 0°4903 || 1°8424 | 0°5428 || 1°5329 | 0°6524 || 1°2279 | 0°8144 || 0°9833 | 1°0170 || 0°8066 | 1°2398 
03095 | 9°6905 || 0°2654 | 9°7346 || 071855 | 9°8145 || 0°08g2 | 9°9108 || 9°9927 | 0°0073 | 9°9066 | 070934 
P,, Ro, Te 1°0000 | 1°0000 |} [°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 }] 1°0000 |} 1°0000} 1°0000 
0°0000 | 0°0000 || 0°0000 | 0°0000 || 00000 | 00000 || 0°0000 | 0°0000 || 0°0000 | 0°0000 || 0°0000 ; 0°0000 
Sis 95394 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1*0000 | 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000, 1°0000 
0*0000 | 0°0000 || 0°0000 | 0°0000 || 0°0000 | 0°0000 |, 00000 | 0°0000 |] 0:0000 | 0°0000 |} 0°0000 | 0°0000 
As, Ma, M2 | 0°9639 | 1°0375 || 0°9674 | 1°0336 || 0°9746 10260 | 0°9848 | 1°0155 || 0°9967 | 1°0033 || 1°0093 | 0°9908 
9°9840 | 0°0160 || 9°9856 | 0°0144 || 9°9888 | O-0112 || 9°9933 | 0°0067 || g°9g986 | 0°0014 || 0°0040; 9°9960 
MK 10914 | 0°9162 || 1°0766 | 0°9288 || 10504 | 0°9520 |) 1°0201 | 0°9803 || 0°9916 | 1°0085 || 0°9684 | 1°0326 
0°0380 | 9°9620 || 0°0321 | 9°9679 || 0°0214 | 9°9786 | 0°0086 | 9°9914 || 9°9963 | 0°0037 | 9°9861 | 0°01 39 
2 MK 1°0520 | 0°9506 || 1°0416 | 0°gQ601 || 1°0238 | 0°9768 | 10045 | 0°9955 || 0°9883 | 10118 0°9774 | 1°0231 
0°0220 | 9°9780 || 0°0177 | 9°9823 || o°0102 979898 0°0020 | 9°9980 || 9°9949 | O°0051 | 9'QQOI | O°@099 
2 MS 0°9291 | 1°0764 || 0°9360 | 1°0684 || 0°9499 | 1°0527 lo 9698 | 1°0312 || 0°9934 | 1°0066 || 1°0186 | 0°9817 
9°9680 | 0°0320 || 9°9713 | 0°0287 || 9°9777 | 0°0223 || 9°9867 | 0°0133 9'9971 | 0°0029 || 0°0080 | 9°9920 
MSf, 2SM_ | 0°9639/| 1°0375 || 0°9674 | 1°0336 | 0°9746| 1°0260 ! 0°9848 | 1°0155 |, 0°9967 | 1°0033 || 170093 0°9908 
9°9840 | 0°0160 || 9°9856 | 0°01 44 || 9°9888 | o-o182 || 9°9933 | 0°0067 || 9°9986 | 0°0014 || 0°0040 | 9°9960 
Mf 1°5857 | 0°6295 || 1°4864 | 0°6728 || 1°3181 | 0°7586 || 1°1408 | 0°8766 || 0°9878 | 10124 || 0°8692 | 1°1506 
0°2010 | 9°7990 || 0°1721 | 9°8279g || 0°1200| 9°8800 || 0°0572 | 9°9428 || 9°9947 | 0°0053 || 9°9391 | 0°0609 
Mm 0°8850 | 1°1299 || 0°8958 | 1°1163 || o'9g180 | 1°0893 || 0°9503 | 1°0523 || 0°9905 | 1°0096 || 1°0350| 0°9662 
9°9470 | 0°0530 || 9°9522 | 0°0478 || 9.9628 | 0° | 9°9779 | 0°0221 || 9°9958 | 0°0042 : 070149] 9°9851 
Sa, Ssa 1°0000 | 1°0000 || 1°0000 |} 1°0000 || 1°0000 oil 10000 | 1°0000 || 1°0000 | 1°0000 |} 1'0000 | 1:0000 
0°0000 | 0°0000 || 0°0000 | 0°0000 |} 0°0000 iia | Oo ed 0°0000 a 0°0000 | 0°0000 | 070000 
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TaB.LR 10.—Factors F and f for reduction and prediction of tides; computed for the middle of each aed or ser July 2, at 
Greenwich mean noon for common years, and at preceding midnight for leap yeare—Continued 


oo mr a re 


1910 1gix 1912 1913 1914 1915 





Component. 





S F S F F 
log / | log F log / log F ae S log F gy 


F St F St 
log F log / log F log / 


F 
log F 



































Jy [M,] 


K, 


[1+] 
M, 
Mg, MS 
Ms 
M,, MN 
Me 
Ms 
Nz, 2N 
O1, Q 
OO 
Pi, Re, T 
Siy ay 394 
Aes May Vs 
MK 
2MK 
2MS 
MSf, 2SM 


Mf 


0°8998 
9°9542 
0°9320 
9°9694 
0°8460 
9°9274 


1°1998 
0°0791 


1'0210 
0°0090 
0°5070 
9°7050 
1°0210 
0°0090 


1°0316 
0°01 35 


1°0424 
0°01 80 


1°0642 
0°0270 


10865 
0°0360 


10210 
0°0090 
0°8948 
9°9517 
0°6874 
9°8372 
10000 
0°0000 
1 ‘0000 
0°0000 
1°O210 
0°0090 
0°9516 
9°9734 


0°9715 
9°9874 


1°0424 
0°0180 


1°O210 
0°00g90 
0°7843 
9°8945 
1'0787 
0°0329 
1°OQO000 
0°0000 


I°III3 
0°0458 


1°0729 
0°0306 | 





1°1820 
0°0726 


0°8335 
9°9209 
0°9795 
9°9910 


1°9723 
0°2950 


0°9795 
9°9910 


0°9693 
9°9864 | 


0°9594 
9°9820 | 


0°9397 
9°9730 


| 
0°9204 
9°9640 
0°9795 
9°9910 


I°rl75 
0°0483 


1°4548 
0°1628 


1°0000 


0°9795 
9°9910 


1°0509 
0°0216 


1°0293 
0°0126 


0°9594 
9°9820 


0°9795 
9°9910 


1°2750 
O°1055 


0°9270 
9°9671 


I°0000 


0°8757 
9°9423 


0°9128 
9°9604 


0°7962 
9°9010 
0'8024 
9°9044 


1°0304 
0°0130 


o0°8010 
9°9036 


1°0304 
0°01 30 


1°0459 
O'0195 


1°0617 
0°0260 
1°0940 
0°0390 


1°1272 
0°0520 


1°0304 
0°01 30 


0°8663 
9°9377 


0°6124 
9°7870 


1°0000 
0°0000 


I°0000 
0°0000 


10304 
0'0130 


0°9406 
9°9734 


0°9692 
9°9864 


1°0617 
0°0260 


1°0304 
0°0130 


0°7284 
9°8623 


I°1I57 
0'0476 


1°O0000 


1°1420 
0°0577 


1°0955 
0°0396 
1°2560 
0°0g90 
1°2463 
0°0956 
0°9705 
9°9870 | 
1°2484 
0°0964 
0°9705 
9°9870 
0°9561 
9°9805 | 
0°9419 ! 


9°9740 | 





O°OI4I 
9°9610 | 


0°8872 | 
9°9480 


0°9705 
9°9870 


1°1543 
0°0623 


1°6330 
0°2130 


I °0000 
0*0000 


I °0000 
0*°0000 


0°9705 
9°9870 


1°0632 
0'0266 


1°0318 
0°01 36 


0°9419 
9°9740 


0°9705 
9°9870 


1*3730 
0°1377 


0°8963 
9°9524 


I°0000 


0°OO000 |; 0°0000 ; O*0000 


| 





| 


o°8621 
9°9356 


0'9018 
9°955! 


0°7675 
9°8851 


o'8811 
9°9450 


1°0364 
O°O155 


0°6424 
9°8078 


1°0364 
O°0155 


10551 
0'0233 


1'0741 
O'O31I 


I°1132 
0°0466 


1°15 38 
0°0621 


1°0364 
O°OI55 


o°8501 
9°9295 


0°5719 
9°7574 


I °O0O0O0 
0*°0000 


I*0000 
0°0000 


1°0364 
O°0155 


0°9347 
9°9706 


0°9687 
9°9862 


1°0741 
O'O3II 


1°0364 
O°O155 


0°6973 
9°8434 


1°1402 
0°0570 


1°0000 


I°1§99 
0°0644 


1°r089 
0°0449 


1*3030 
O'1149 


1°1349 
0°0§50 


0°9649 
9°9845 


1°5567 
0°1922 


0°9649 
9°9845 


0°9477 
9°9767 


0°9310 
9°9689 


0°8983 
9°9534 


0°8667 
9°9379 


0°9649 
9°9845 


1°1763 


1 °0O00 
0°0000 


1°0000 


0°0000 || 


0°9649 
9°9845 


1'0699 
0°0294 


1°0323 


0°01 38 || 


0°9310 
9°9689 


0°9649 
9°9845 


1°434! 
0°1566 


0°8770 
9°9430 


1*0000 


0*0000 ' 0°0000 
i 


0°8583 
9°9336 
0°8987 
9°9536 


0°7594 
9°8805 


1°7834 
O°2512 


1°0382 
0°0163 


0°.4354 
9°6388 


1°0382 
0°0163 
10578 
0°0244 
1°0778 
0°0325 


I°rr89 
0'0488 


11617 
0°0651 


1°0382 
0°0163 


, 078455 
0°0705 || 9°9271 


1°7484 || 0°5609 
0°2426 || 9°7488 





I °O0000 
0°0000 


I °0000 
0°0000 


10382 
0°0163 


0°9330 
9°9699 
0°9686 
9°9862 


10778 
0°0325 


1°0382 
0°0163 


0°6886 
9°8380 


1°1476 
0°0598 


1°0000 
0*0000 


1°1650 
0°0664 


1°1127 
0°0464 


1°3168 
O°1195 

| 
0°5607 | 
9°7488 


0°9632 
9°9837 


2°2969 
0°3612 


0'9632 
9°9837 


0°9454 
9°9756 | 
0°9278 ! 
9°9675 | 
0°8937 | 
9°9512 


0°8608 | 
9°9349 | 
0°9632 : 


9°9837 | | 


¥°1827 | 
0°07 29 


1°7830 | 
O° 2512, 


— 
0°0000 >| 


I°O0000 
0°O0000 
0°9632 ! 
9°9837 | 


1°0718 
0°0301 


1°0324 
0°0138 
0°9278 
9°9675 
09632 
9°9837 


1°452! 
0°1620 








0°8714 
9°9402 





1°0000 


0°0000 


0°8640 
9°9365 


0°9034 
9°9559 


O°7715 
9°8873 


1°3712 
0°1371 


1°0355 
O°O152 


0°4661 
9°6685 


1°0355 
O'01§2 


1°0538 
0°0227 


1°0723 
0'0303 


11104 
0°0455 


1°1498 
0°0606 


1°0355 
O°0152 
0°35 24 
9°9306 
0°5775 

9°7615 
¥‘oooo 
0°O0000 
I °O0O00O0 
0° 0000 


1°0355 
0°0152 


0°9354 
9°9710 
0°9687 
9°9862 


1°0723 
0°0303 


1°0355 
O'O152 


0°7016 
9°8461 


1°1366 
0°0556 


1 °OO00O 
0*0000 


I porte 0°8796 





0635 


1°1070 
O°0414 
1°2962 
O°1127 


0°7293 
9°8629 


0°9657 
9°9848 
2°1455 
0° 3315 


0°9657 
9°9848 


0°9657 
9°9848 


10690 


0°0290 


1°0323 
0°0138 
0°9326 
9°9697 


0°9657 
9°9848 


1°4254 
0°1539 
0°8798 
9°9444 
"0000 
0°0000 








9°9443 
0°9160 
9°9619 
0°8043 
9°9054 
0°8193 
9°9134 
1°0288 
0°0123 


0°7636 
9°8829 


1°0288 
0°0123 


1°04 35 
0°0185 


1°0584 
0°0246 


1°0888 
0'0370 


1°1202 
0°0493 
1°0288 
0°01 23 
0°8710 
9°9400 
0°6242 
9°7953 


1°1369 
0°0557 


1°O917 
0°0381 


1°2433 
0°0946 
1°2206 
0°0866 
0°9720 
9°9877 
1°3096 
O°LI7I 
0°9720 
9°9877 


0°9583 
9°9815 


0°9448 
9°9754 
09184 
9°9630 
0°8927 
9°9597 
0°9720 
9°9877 
1°1482 
0°0600 


1°6020 
0°2047 
1°O0O000 
0°0000 
1°0000 
0°0000 
0°9720 
9°9877 
1°0612 
0°0258 


1°0315 
0°0135 
0°9448 
9°9754 
0°9720 
9°9877 
1°3562 
0°1323 
O°9015 
9°955° 
1 "0000 
0°0000 
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TABLE 10.—Factors Fand f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 
Greenwich mean noon for common years, and at preceding midnight for leap yeare—Continued. 


UNITED STATES COAST AND GEODETIC SURVEY. 





1916 



























































1917 1 1918 1819 | 1921 
Component. | oi oes a Senet ner ances 
F f F f F | +s. | | | f 
log F log / log F log / loz F log / | ee Fy in S | ae F oes : log PF log # 
setodstze 5 
Ji, (Mi) 0°9060 | 1°1038 |, 09446 | 1°0587 ! 0°9958 | 170042 | 1°0578 | 0°9453 | 1° uae 0°8895 | 1*1806 | 0°8470 
9°9571 | 0°0429 | 9°9752 | 070248 || 9°9982 | 00018 } 070244 | 9°9756 | 00508 | 9°9492 <O'07 28, | 919279 
K, 0°9368 | 1°0674 | 0°9660 | 1°0352 || 1°0027 | 0°9973 |, | 1°0443 | 0°9576 || 1°0855 | o°9212 | 1°1182 | 0°8943 
9°9717 | 0°0283 | 9°9850 | o°0150 || O'0012 | 9°9988 | 0°0188 | -9°9812 || 0°0356 | 9°9644 , 0°0485 | 9°9515 
Kg 0°8585 | 1°1649 | 0°9340 | 1°0707 || 1°0278 | 0°9729 || 1°1316 | 0°8838 | 1°2299 | 0°8131 | 1°3034 | 0°7672 
9°9337 | 0°0663 || 9°9704 | 0°0296 || o'or1g | 9°9881 || 0°05 37 | 979463 | | _ 0'0899 | 99101 O1I51 | 9°8849 
| 
Ll, O°8529 1°1725+)) 1°3141 | 0°7610 | 1°2821 | 0°7800 | 0°8944 | r°118t | 0°8351 | 1°1975 | 0°9669 | 1°0342 
9°9309 | 0°069!1 i On 186 | 9°8$14 | 0°1079; 9°8g21 | 9°9515 | 0°0485 | 9°9218 | 0°0782 || 9°9854 | 0°0146 
[Ls] 1°0188 | 0°9816 | 1°0068 | 0'9933 | 0°9942| 1°0058 | 0°9826 | 1°0177 , 0°9730| 1°0278 | 0°9664| 1°0347 
0°0081 | 9°9919 | 0°0029 | 9°9971 || 9°9975 | 0°0925 | g°g924 | 0°0076  9°9881 | Ovor19 || 9°9852| 00148 
| T 
Mi 0°7294 | 1°3710 |, 0°5018 | 1°9929 || 0°5237 | 1°9094 | 0°8047 | 1°2427 "11157 0°8963 |, 0°7644 1°3083 
9°8630 | 0°£370 || 9°7005 | 0°2995 || 9°7191 0°2809 || 9°9056 | o'0944 | 0°0476 | 9°9524 || 9°8833 | 0°1167 
M,, MS 1°0188 | 0°9816 || 1°0068 | 0°9933 | 0°9942 | 10058 || 0°9826 | 1°0177 || 0°9730 | 1°0278 || 0°9664] 1°0347 
0°0081 | 9°99Ig || 0°0029 | 9°9971 || 9°9975 | 0°0025 || 9°9924 | 0°0076 || 99881 | O'orIg || 9°9852 | o°0148 
Ms 1°0283 | 0°9725 || 1°0102 | 0°9899 || 0°9914 | 1°0087 || 0°9740| 1°0267 || 0°9597 | 1°0420 || O-g501 | 1°0525 
O°O12I | 9°9879 | 0°0044 | 9°9956 || 9°9962 | 0°0038 || 9°9885 | O-oII§ || 9°9822 | 0'0179 || 9°9778 | 0°0222 
M,, MN 1°0379 | 0°9635 | Tor 36 | 0°9866 |; 0°9886 | 1°0116 | 0°9654 | 1°0358 || 0°9466 | 1°0564 || 0°9340| 1°0707 
0°0162 | 9°9838 |; 00059 | 9°9941 |) 9°9950 | 0°0050 || 9°9847 | 0°0153 || 9°6762 | 0°0238 || 9°9703 | 0°0297 
Mes 1°0574 | 0°9457 || 1°0205 | 0°9799 || 0°9829 | 1°0174 || 0°9486 | 1°0542 || o-g210 | 1°0858 || 0°9026 | 1°1079 
0°0242 | 9°9758 |, 00088 | y:9912 |, 9°9925 | 0°0075 || 9°9771 | 0°0229 || 9°9643 | 0°0357 | 9°9555 | 070445 
Mg 1°0773 | 0°9283 || 1°0274 | 0°9733 || 0°9772 | 1°0233 . 0°9321 | 1°0729 || 0°8961 | 1°11§9 || 0°8723] 1°1464 
0°0323 | 9°9677 || 00118 | 9°9882 |, 9°9900 | O°0100 | 9°9694 | 0°0306 |) 9°9524 | 0°0476 || 9°9407 | 0°0593 
N,, 2N 10188 | 0°9816 || 170068 | 0°9933 || 0°9942 | 1°0058 || 0°9826 | 1°0177 |] 0°9730| 1°0278 || 0°9664| 1°0347 
1°0081 | 9°99I9 || 0°0029 | 9°9971 |, 9°9975 | 0°0025 || 9°9924 | 0°0076 || 9°9881 | o'011g9 || 9°9852 070148 
O,,Q: 0°9020 | 1°1086 || 0°9466 | 1°0564 || 1°0048 | 0°9952 | 1°0743 | 0°9308 || 1°1477 | 0°8713 || 1°2096| 0°8267 
9°9552 | 0°0448 || 9°9762 | 0°0238 || O°0021 | 9°9979 | 0°0311 | 9°968g || 0°0598 | 9*9402 || 0°0826! 9°9174 
OO 0°7072 | 1°4141 || 0°8369 | 1°1948 || 1°0263 | 0°9744 || 1°2843 | 0°7787 || 1°5969 | 0°6262 |} 1°8950 | 0°5277 
9°8495 | 9°1505 || 9°9227 | 0°0773 |} O°o113 | 9°9887 || 0°1086 | 9°8914 || 0°2033 | 9°7967 0°2776 9°7224 
P,, Ry, Ts I°O0000 | £°0000 || 1°0000 | 1°0000 |] 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 10000 | 1°0000 
0°0000 | 0°0000 || 0°0000 |} 0°0000 || 0°0000 | 0°0000 || 0°0000 | 0'0000 || 0°0000 | 0°0000 || 0°0000 | 0°0000 
Sts 29394 1°0000 | 1°0000 || 1°0000 | 1°0000 |} 10000 | 10000 |; 1°0000 | 1°0000 || 1°0000 } 1°0000 || 1*0000 | 10000 
0°0000 | 0°0000 |] 0°0000 | 0°0000 |} 0°0000 | 0°0000 | 0°0000 | 0°0000 || 0°0000 | 0°0000 || 0°0000 | 0°0000 
Ar, [ley Vs 1°0188 | 0°9816 || 170068 | 0°9933 || 0°9942 | 1°0058 || 0°9826 | 1°0177 || 0°9730 | 170278 || 0°9664 | 1°0347 
0°0081 | 9°9919 || 0°0029 | 9°997! || 9°9975 | 070025 || 9°9924 | 0°0076 || 9°9881 | O'0119 || 9°9852| 0°0148 
MK 0°9544 | 1°0478 || 0°9726 | 1°0282 || 0°9969 | 1°0031 || 1°0261 | 0°9746 || 1°0562 | 0°9468 || 1°0807 | 0°9253 
9°9797 | 0°0203 || 9°9879 | o’or2I || 9°9987 | 0°0013 || 0°0112 | 9°9888 || 0°0237 | 9°9763 || 0°0337 | 9°9663 
2MK 0°9723 | 1°0284 || 0°9792 | 1°0213 || 0°9912} 1°008g | 1°0082 ; 79919 || I 0276 | 0°9732 || 1°0444 | 0°9575 
9°9878 | 0°0122 || 9°9909 | O°009g1 || 9°9962 | 0°0038 || 0°0035 | 9°9965 || O°or18 | 9°9882 || 00189 | 9°g811 
2MS 1°0379 ] 0°9635 || 1°0136 | 0°9866 || 0°9886 | 10116 || 0°9654 | 1°0358 || 0°9466| 1°0564 || 0°9340| 1°0707 
0°0162 | 9°9838 || 0°0059 | 9°9941 || 9°9950 | 0°00§0 || 9°9847 | 070153 || 9°9762 | 0°0238 || 9°9703 | 0°0297 
MSf,2SM_ | 1°0188 | 0°9816 || 1°0068 | 0°9933 || 0°9942 | 1°0058 | 0°9826 | 1°0177 || 0°9730 | 1°0278 || 0°9664 | 1°0347 
00081 | 9°991g || 00029 | 9°9971 || 9°9975 | 0°0025 | 9°9924 | 0°0076 || 9°9881 | o-o1!g || 9°9852| 0°0148 
Mf 0°7987 | 1°2521 || o-8go1 | 1°1235 || 1°0155 | 0°9847 || 1°1746 | 0°8514 || 1°3538 | 0°7387 || 1°5140] 0°6605 
9°9024 | 0°0976 || 9°9494 aaa 0°0067 | 9°9933 || 0°c699 | 9°9301 | 0°1316 | 9°8684 |; o°1801 | 9°8199 
Mm 1°0703 | 0°9343 || 1°0260 | 0°9747 || 0°9820 | 1°0183 , 0°9432 1°0602 || 0°9127 | 1°0956 |] 0°8927 | 1°1202 
"0295 | 9°9705 || O°OrIT | 979889 || 9°9921 | 070079 |) 9°9746 | 070254 || 9°9603 | 0°0397 || 9°9507 | 0°0493 
Sa, Ssa I*O000 | I°0000 || 1°0000 | I1°0000 |] 1*0000 | 1°0000 || 1°0000} 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 
0°0000 | 0°0000 |} 0°0000 | 0°0000 || 0'0000 | 0°0000 |} 0°0000 | 0°0000 (iii a 0°0000 | 0°0000 || 00000 | 0°0000 
ae, 


+ ee 


——- 


——— ee ee 
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TABLE 10.—Factors F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 
Greenwich mean noon for common years, and at preceding midnight for leap years—Continued. 


Component. 


Jus [Mi] 
Ki 
Ke 
L, 


[Is] 


M,, MS 
M3 
M,, MN 
Ms 
Ms 
No, 2N 
01, Qi 
OO 
Pi, R,, Ts 
S:, 29 3s 4 
A, fey Vs 


MK 


MSf, 2 SM 
Mf 
Mm 


Sa, Ssa 


| 








1922 


F 
log ¥ 


1°2087 
0°0823 


1°1338 
0°0545 
1°3366 
0°1260 


1°1489 
0°0603 
0°9636 
9°9839 
0°6260 
9°7966 
0°9636 
9°9839 
0°9459 
9°9758 
0°9285 
9°9678 
0°8947 
9°9517 
0°8622 
9°9356 
0°9636 
9°9839 


1°2403 
0°0935 


2°0547 
0° 3128 


I °OO0OO0 
0°0000 
I °Q000 
0°O0000 
0°9636 
9°9839 


1°0925 
0°0384 


1°0527 
0'0223 


0'9285 
9°9678 
0°9636 
9°9839 


1°5964 
0°2031 


0°S843 
9°9466 


1°0000 
0°0000 


eT 


S 
log / 
0°8273 
9°9177 


0°8820 | 


9°9455 
0°7482 
9°8740 
0°8704 
9°9397 


1°0378 
o’ol16! 


1°5974 |, 


0° 2034 


1°0378 
o’ol6! 


1°0572 
0°0242 


1'0770 
0°0322 


1°1176 
0°0483 


1°1598 
0°0644 


10378 
o-o161 


0°8063 |' 


9°9065 
0°4867 
9°6872 
I °0000 
0°0000 
I°O0O00O0 
0°O0000 


1°0378 
o‘o16! 


0°91§3 
9°9616 


0°9499 
9°9777 


1°0770 
0°0322 


1°0378 
O‘O161 
0°6264 
9°7969 
1° 1309 
0°05 34 
I ‘0000 
0°0000 


1923 


| F 
log F 


| 1°1967 
0°0780 


1°1272 
| 0°0§20 


1°3226 
O'1214 


1°0734 
0°0308 


0°9648 
9°9844 


0°6653 
9°8230 


| 

| 

| 

| 

| 

| 

| 0°9648 
| 9°9844 
| 0'9476 
| 9°9766 
| 0°9308 
9°9689 
| 
\ 
| 
| 
| 
' 


0'8980 
9°95 33 


0°8664 
9°9377 
0°9648 
| 9°9844 
1°2272 
0°0889 


1°9853 
0°2978 


1 °0000 
0*0000 


I*0000 
/ O°O00O0 


0°9648 
9°9844 


1'0875 
0°0364 


0°9308 
9°9689 


0°9648 
9°9844 


1°5608 


0°1933 | 


0°8878 


S 
log f 


0°8357 
9°9220 


0°8872 
9°9480 


0°7561 
9°8786 


0'9316 
9°9692 


1°0365 
00156 


1°5030 
0°1770 


1°0365 
0°0156 


1°0553 
0'0234 


10743 
O°O311 


1°11 36 
0°0467 


171542 
0°0623 


1°0365 
0°0156 


o0°8149 
9°O111 


0°5037 
9'7022 


1°0000 
0*0000 


1°0000 
0°0000 


1°0365 
0°0156 


0°9196 
9°9636 


0°953! 
9°9792 


1°0743 
0°0311 


1°0365 
0°0156 


0°6407 
9°8066 


1°1264 


9°9483 | 0°0517 


1°0000 
O*°O0000 


| 
= 1°0492 
0°0208 


| 








1924 


F 
log F 





1°1498 
0°0606 


1°1006 
0°0416 


1°2644 
O'10Ig 


0'8828 
9°9459 


0°9698 
9°9867 


0°9244 | 


9°9659 


0'9608 | 


9°9867 


0°9551 
9'9800 


0°9406 


9°97 34 











S 
log / 





0°8697 
9°9394 
0°9086 
9°9584 


0°7909 
9°8981 


1°1328 
0°0541 


1'O311 
00133 


1°0818 
0°034! 


1'O311 
0°01 33 


1°0470 
0'0200 


1'0632 
0°0266 


0'9122 | 1'0962 
9°9601 | 0'0399 


0°8847 | 


9°9468 
0°9698 
9 9867 
1'1758 
0°0704 


1°7284 
0°2376 
10000 
0°CO00 
1°0000 
0°0000 
0°9698 
9°9867 
1°0674 
0°0283 


1°0352 
O°0150 
0°9406 
9°9734 
0°9698 
9°9867 
1°4256 
0°15§40 
0'903! 
9°9557 


1°1303 
0°05 32 


10311 
0'0133 


0°8504 
9°9296 


0°5786 
9°7624 


1°O000 
0°0000 


0°0000 





oo ——— a 








| 


1925 


F 
log F 





1°0854 
0°0356 


1°0618 
0°0260 


1°1740 
0°0697 


0'8340 
9°9212 


0°9783 
9°9905 


1°0488 
0°0207 
0°9783 
9°9905 
0'9676 
99857 


0°9570 
9°9809 
0°9 362 
9°9714 


0°9159 
9°9618 


0°9783 
9'9905 


I'1049 
0°0433 


1°4095 
o°149! 


1°0000 
0°0000 


1°0000 
0°0000 


0°9783 
9°9905 


1°0387 | 
0°0165 


1°0162 
0°0070 


0°9570 
9°9809 


0°9783 
9°9905 


1°2480 


, 0°0962 


0'9294 
9'9682 


1°0000 
0°OQ000 





0°9213 
9°9644 


0°9418 
9° 9740 | 


0°8518 
9°9303 


1°I19g0 
0'0788 


1°0222 
00095 


0°9535 
9°9793 


1°O0222 
070095 


1°0335 
0°01 43 


1'0449 
o'olgl 


1°0681 
0 0286 


1'0918 
0°0382 


1°O0222 
0°0095 


0°9050 
9°9567 
0°7095 
9°8509 
1‘0000 
"0000 
10000 
0°0000 
1°0222 
0°0095 
0°9627 
9°9835 
0°9841 
9°9930 
1°0449 
o°o1g! 
1°0222 
0°0095 
0°8013 
9°9038 
1°0759 
0°0318 


1*O0O00O0 
0°0000 


| 

} 

i ee 

| oF 
rae log F 





1°0204 
0°0088 


1*O195 
0°0084 


1°0703 
0°0295 


1°0387 
0°0165 


0°9892 
9°9953 


0'°6177 | 


9°7908 
0°9892 
9°9953 


0°9839 
9°9930 


0°9786 
9°9906 
0°9681 


9'9859 | 


0°9576 
9'9812 


0'9892 
9°9953 


1°0325 
0'0139 


| 
1°1248 | 
0°05 10 | 


10000 
0*0000 
10000 
"0000 
0°9892 
9°9953 
10086 
0'0037 
0°9977 
9°9990 
0°9786 
9°9906 
0°9892 
9°9953 


1°0776 
0'0325 


0°965! 
9°9846 


I *0000 
0*°0000 


1926 


S 
log / 





0°9800 
9°9912 
0°9808 
9°9916 
0°9343 
9°9795 
0°9627 
9°9835 


I°O109 
0°0047 


1°6190 
0° 2092 


I‘O109 
0'0047 
1°0164 
0°0070 
1°0219 
0°0094 


| 10330 
O'O14! 


10442 
0 0188 


I‘O109 
0°0047 
0°9685 
9°9861 
o 889! 
9°9490 
10000 
"0000 
10000 
00000 


I‘O10g 
0°0047 


0°9915 
9°9963 
1°0023 
o°0010 
1°0219 
0°0094 
I°O109 
0°0047 
0°9280 
9°9675 
1°O361 
O'015§4 
1*0000 
0'0000 


1927 


F 
log F 





0°9643 
9°9842 


0°9804 
9°9914 
0°9710 
9°9872 
1°4953 
0°1747 
1°0016 
00007 
0°4847 
9°6855 
1°0016 
0°0007 
1°0024 
O°OO!IO 


1°0032 
O'0014 


1°0048 
0°0021 


1'0064 
0°0028 


1°0016 
0°0007 


0'9692 
9°9864 


0°9074 
9°9578 
I 0000 
0°O0000 
I °OO00O0 
0°0000 
1°0016 
0°0007 
0°9820 
9°992! 
09835 
9°9928 
1°0032 
O'OO14 


10016 
00007 


0°9378 
9°9721 
1°0074 
0°0032 
1°0000 
0°0000 


J 
log / 
1°0370 
070158 
1°0200 


0°0086 


1°0299 
0'0128 


0°6688 
9°8253 


0°9984 
9°9993 
2°0630 
0°3145 


0°9984 
9°9993 


0°9976 
9°9990 
0'9968 
9°9986 


09952 
9°9979 


0°9937 
9°9972 


0°9984 
9°9993 


170318 
0°01 36 


1°1020 
0°0422 
1°0000 
0°0000 
1°0000 
0°0000 


0°9984 
9°9993 


1°0184 


0°0079 


1°0168 
0 0072 
0 9968 
9°9986 
0'9984 
9°9993 
1'0664 
0°0279 
0°9926 
9°9968 


1*OO0O 
0*0000 
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Component. 


Ji (MJ 
K, 
Kg 


L, 


N;, 2N 
01,21 
OO 
Pi, Re, Ts 
Diy 8 39 4 


Aa bas ¥2 


MS, 2SM 
Mf 
Mm 


Sa, Ssa 


UNITED STATES COAST AND GEODETIC SURVEY. 


Greenwich mean noon for common years, and at preceding midnight for leap years—Continued. 


1928 


F 
log F 





0°9204 
9°9640 


0°9479 
9°9768 


0°8872 
9°9480 


1°0256 
O°O11O 


1°O140 
0°0060 


0°5750 
9.7597 


1°O1 40 


1°O1 40 
0°0060 


09612 
9°9828 


0°9746 
9°9888 


1°0282 
O'OI121 


I°O140 
0°0060 


0°8326 
9°9204 


1°0§23 
0°0221 


1°OO00O0 


0°0000 


S 
log / 





1°0864 
0°0360 


1°0549 
0'0232 


1°r271 
0°05 20 


a 


F S | 


log F 





0°8891 
9°9490 
0°9236 
9°9655 
0°8241 
9°9160 


| 


0°9750 |, 0°7874 


9°9890 


0°9862 | 


| 9°8962 


1°0250 





9°9940 | 0°0107 


1°7392 
0'2403 


0°9862 
9°9940 


0°9794 
g'9910 


0°9726 
9°9879 


0°9592 
9°9819 


0°9460 


| 0°8787 
9°9438 


1°0250 
O°O107 


1°0376 
0°0160 


1°0506 
0°0214 
1°0768 
0°0321 


| 
| 
| 1°1037 


9°9759 | 0°0428 


0°y862 | 1°0250 


9°9940 


1°0883 
0°0 368 


1° 3254 
0°1223 


1*°0000 


0°0000 


O°O107 


0°8822 
—-9°9456 


0°65 36 
9°8153 
' ¥*O0000 
0°0000 
1°0000 
0°0000 
| 


1°0z50 
O'O107 


0°9467 
-9°9762 


1°0506 
0°0214 


1°0250 
O°O107 


0°7594 
98804 


1°0942 
0'039!1 


1 °0000 


|| O'OOOO 


0°9703 
9°9869 


log / 
1°1247 
0°0510 
1°0827 
0°0345 


1°21 35 
0°0840 


1*2700 
0°1038 


0°9756 
9°9893 
1°1380 
0°0562 


0°9756 
9°9893 


0°9637 
9°9840 


0°9519 
9°9786 
0°9287 
9°9679 


09061 
9°9572 


0°9756 
9°9893 


1°1335 
0°0544 
1*§ 300 
0°1847 
1 ‘0000 
0°0000 
1 ‘0000 
0°0000 
0°9756 
9°9893 
1°0564 
0°0238 


1°0306 
O'or3I 


0°9519 
9°9786 
0°9756 
9°9893 


1°3169 
O°1196 
0°9139 
9*9609 
I°O0O00O 
0°0000 





| 


1930 | 


S 
log / 


I °O0000 
O*0000 


11505 
0°0609 


1°1018 
0°0421 


1°2778 
0°1065 


1°0224 
0°0096 


0°9679 
9°9858 


I°3105 
O'III7 


0°9679 
9°9858 
0°9522 
9°9787 
0°9368 
9°9716 
0°9067 
9°9575 
0°8776 
9°9433 
0°9679 
9°9858 
1°1647 
0°0662 


1°6865 
0°2270 
¥*°O00O0 
0*0000 
1°0000 
0°O0000 
0°9679 
9°9858 
1°0664 
0°0279 


1°0321 
0°01 37 


9°9716 


0°9679 
9°9858 


0°9368 

I°4O15 
0'1466 | 
0°8873 | 
9°9481 | 


1 °O000 
O*OO000 . 





F 
iog F 





193! | 


| 
log / 


0°8595 
9°9342 


0°8997 
9°954! 
o0°7619 
¢°8819 


2°1230 
0°3270 


1°0376 
0'0160 


0°4250 
9°6284 


1°0376 
0°0160 


1°0570 
0°0241 


1°0767 
0°032I 


1°1772 
0'0481 


1°1592 
0'0642 


1°0376 
0°0160 
0°8470 
9°9279 
0°5643 
9°7515 
1*0000 
0°0000 
1 ‘0000 
0°0000 


1°0376 
0'0160 


0°9335 
9°9701 
0°9686 
9°9862 


1°0767 
0°0321 
10376 
0°0160 


0°6913 
9°8397 


1°1452 
0°0589 
10000 
0°0000 


| 
1°1634 , 
0°0658 | 


IIIS 
0.0459 


1° 3125 | 
Ori SI 


0°4710 | 


9°67 30 


0°9637 
9°9840 


2°3529 
0° 3716 


0°9637 
9°9840 
0'9461 
9°9759 
0°9288 
9°9679 
0°8951 
9°9519 
0°8627 
9°9358 
0°9637 
9°9840 
1°1807 
0°0721 


1°7721 
0°2485 
10000 
0°0000 
10000 
0°0000 


0°9637 
9°9840 


1°0712 
0°0299 


10324 
0°01 38 
0°9288 
9.9679 


0°9637 
9°9840 


1°4465 
0°1603 
0°87 32 
9°9411 
1 ‘0000 
00000 


— eS CC 


1932 


F 
log 





0°8594 
9°9342 
0°8996 
9°9540 
0°7617 
| 9°8818 


1°1452 
0°0589 





1°0377 
o’o161 


0°5020 
9°7007 


1°0377 
0'0:61 


1°0570 
0°0241 


1°0768 
0°032I 


11173 
0°0482 


1°1$94 
0°0642 


1°0377 
o‘oré!r 


0°8468 
9°9278 
0°5640 
9°7513 
I ‘0000 
0°O0000 
1°O0O0Oo0O0 
0°O000 


1°0377 
o'o161 


0°9335 
9°9701 
0'9686 
9°9862 


1°0768 
0°0321 


1°0377 
o‘ol6!1 


o'6911 
9°8395 


1°1455 
0°0590 
, 10000 
0°0000 





S| 
log / f 


1°1636 |; 
0°0658 
11116 
0°0460 


1°3129 
o°1182 
0°8732 
9°9411 


0°9637 
9°9839 


1°9921 
0°2993 


0°9637 
9°9839 
0°9460 
9°9759 
| 
| 


0°9287 
9°9679 


0'8950 
9°9518 


0°8625 
9°9358 |. 


0°9637 
9°9839 ! 


11809 | 


0°0722 | 


1°77 32 
0°2487 





1°0000 ! 
0°0000 | 


1°0505 
0'0214 
| 10678 
0°0285 
1°1034 
0'0428 
| 11402 


1933 





F 
log F 





0°8688 
9°9389 


09073 | 
9°9578 
0°7818 
9°8931 
0°7874 
9°8962 
1°0334 
O°O142 


0°8354 
9°9219 


1°0334 | 
0°01 42 | 


0°05§70 


1°0334 
O'O1 42 
0°8582 
9°9336 
05919 
9°7722 
1°Oooo0o0 
0°000U0 
1*000O0 
0°O0000 


1°0334 
O°O1 42 


0°9376 
9°9720 
0°9689 
9°9863 
1°0678 
0°0285 


1°0334 
0°01 42 


0°7127 
9°8529 


1°1277 
0'0522 


TABLE 10.—Factors F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 


A 
log / 
1°1510 
o'o611 


1°1022 
0'0422 


1°2791 
0°1069 
1*2700 
0°1038 


0°9677 
9°9858 


1°1970 
0'0751 


0°9677 
9°9858 | 


09519 
9°9786 | 
0°9365 | 
9°9715 


0°9063 
9°9572 
0°8770 
9°9430 
0°9677 
9°9858 
1°1653 
0'0664 


1°6896 
0°2278 





1°0000 
0°0000 


1°0o00o0 
0°0000 
0°9677 
9°9858 
10666 
0°0280 


1°0321 
0°01 37 


0°9 365 
9°9715 
0°9677 
9.9858 
1°4032 
o°1471 
0°8868 
9°9478 
I°o0O0O0 
0°0000 


2) oi 


REPORT FOR 1894—PART II. 


233 


TABLE 10.—Factors F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 





Component. 


Ji, [Mi] 


Ki 


Ms 
M, MN 
Me 
Ms 
Ng, 2 N 
01,2 
OO 
P,, Ra, Te 
Si 95354 
Aa, fr, Vs 


MK 


MSf, 2 SM 
Mf 
Mm 


Sa, Ssa 


| 


1935 


1636 


F Sf!  F S| F f 
log F log # | log F log f || log F log / 





0°8884 
9°9486 


0°923! 
9°9652 


0°8227 
9°91§2 


0°9274 
9°9673 


1°0252 
0'0108 


0°6196 
9°7921 


1°0252 
0°0108 


1°0381 
0°0162 


LOSI 
0°0216 


1'0776 
0°0325 


1°1048 
0°04 33 


1°0252 
o°O108 


o'8814 
9°9452 


0°6515 
9°8139 


1 *°O0000 
0°0000 


1°OQ000 
0*°0000 


1°0252 
o°o108 


0'9463 
9°9760 


0°9702 
9°9869 


1°OS11 
0°0216 


1°0252 
0°0108 


0°7578 
9°8796 


1°0952 
0°0395 


1°0009 





| 
1°1256 | 0°9194 
0°0514 | 9°9635 





1°0834 
0°0348 





0°9471 
9°9764 


1°2155 | 0°8852 


0°0848 


1°0783 
0°0327 


0°9754 
9°9892 


1°6139 


0°2079 |: 


0°9754 
9.9892 


€°9633 | 


9°9838 


0°9514 
9°9784 


0°9280 
9°9675 


0°9051 


9°9567 | 


0°9754 
99892 


1°1345 
0°0548 


1°5348 
0°1861 


1°0000 
0*°O000 
I *O0000 
O0*°0000 


9°9470 


1°5720 


0°1965 
1°0143 
0°0062 
9°6679 


1'O143 


| 
| 0°4655 
| 
| 
| 0'0062 


1°0216 
| 0°0093 
! 1°0288 
| O'0123 


1 1°0435 
0'0185 
1°0585 
0°0247 
' 1°0143 
0°0062 
0°9176 
—-9°9627 
0°7510 
| 9°8757 
I ‘0000 
0°0000 
1*0000 
0°0000 





0°9754 || 10143 
9°9892 | 0°0062 


1°0567 | 0°9607 
0°0240 || 9°9826 


1°0307 
O'OI3I 


0°9514 
9°9784 


0°9754 
9°9892 


1°3196 
0°1204 


O'9131 
9°9605 


| 
; 9°9744 
9°9888 


1'0288 
0°0123 


1°0143 


| 0°0062 


0°8 302 
9°9192 


1°05 35 
0°0226 


| 
{ 

1°0877 
0°0365 | 


10558 
0'0236 


1°1297 
0°05 30 


0°6361 
9°8035 


0°9359 
9°9938 


2°1482 
0°332! 


0°9859 
9°9938 | 
0°9789 | 
9°9907 | 
0°97 20 | 
9°9877 


0°95°3 
9°9815 


0°9448 
9°9753 


0°9859 
9°9938 


1°0Sg8 
0°0373 


1°3315 


0°1243 | 


1°OO00 
0°0000 


1°0000 
0*0000 


0°9859 
9°9938 


1°0409 
O°0174 


1°0262 
O°OI112 


0°9720 
9°9877 


0°9859 
9°9938 


1°2046 
0'0808 


0°9492 
9°9774 








0°9629 
9°9836 


0°9794 
9°9910 


0°9684 
9°9861 


1°1645 
0°0661 


1‘OO19 
0°0008 
| 0°5407 
9°7329 


10019 
0°0008 


1°0028 
O°O0O12 


10038 
0°0017 


1°0057 
0°0025 


1°0077 
0°0033 


10019 
0°0008 
0°9676 
9°9857 


0°9024 
9°9554 


I ‘0000 
0°0000 
10000 
0°0000 
I‘OO1g 
0°0008 
0°9813 
9°9918 
| 0°9832 
9°9926 


1°0038 
0°0017 





I‘OOIg 
0°0008 


| 0°9344 
| 9°9706 


1°0086 
0°0037 


1°0000 || I'0O00 Gans! i6eed 
0'0000 | | 70000 || 0°0000 0°0000 | 0'00c0 0°0000 
| 


< t a 





1°0385 
0°0164 


1°O210 
0°0090 
1°0326 
0°0139 


0°8588 
9°9339 ' 
0°9981 | 
9°9992 





1°8495 
0°2671 


0°998! 
9°9992 





0°9972 
9°9988 


0°9962 
9°9983 


0°9943 
9°9975 


0°9924 
9°9967 


0°9981 
9°9992 


1°0335 
0°0143 
11081 
0'0446 


I "0000 
0°O0000 


1 °0000 
0*°0000 


0°9981 
9°9992 


1°O191 
0°0082 


L°O171 
0°0074 


0°9962 
9°9983 


0°9981 
9°9992 


1°0702 
0°0294 


0°9914 
9°9963 | 


1°OO0O0 | 





| 
| 








| 








1937 


F 
log F 





1°0188 
0°008!1 


10185 
0°0080 
1°0677 
0°0284 


0°8401 
9°9243 


: 0°9895 


9°9954 


| o°910g 


9°9595 


0°9895 
9°9954 


0°9843 
9°9931 


0°9792 
9°9909 
0°9689 
9°9863 


0°9588 
9°9817 


0°9895 
9°9954 


1°0307 
O°OI 32 


171184 
0°0486 


1°O0000 
0°0000 


1°O0000 
0*0000 


0°9895 
9°9954 


1'0078 
0°0034 


0°9973 


—-9°9988 


0°9792 


» 9°9909 


| 


0°9895 
9°9954 
1°07 36 
0°0309 
0°9662 
9°9850 
10000 
0*0000 





| 


SR SSS ee 


S 
log / 





0°9815 
9°9919 


0'9819 
9°9920 
0°9366 
9°9716 


1°1903 
0°0757 


1°0106 
0°0046 


1°0978 
0°0405 


10106 
0°0046 


1°O159 
0°0069 


1'0213 
0'009 I 


1°0321 
0°O137 | 
1°0430 7 
0°0183 | 

| 
10106 | 
0°0046 | 
0°9702 | 
9'9868 | 
0°8942 | ! 
9°95%4 | 


1°0000 
0°0000 


I °0000 
0*0000 


| 1938 


log F 





1°0837 
0°0349 
1°0607 
0°0256 


I't714 
0°0687 
0°8602 
9°9346 
0°9785 
9°9906 
0°9269 
9°9670 
0°9785 
9°9906 
0°9680 
9°9859 


0°9575 
9°9811 


0°9369 
9°9717 
0°9168 
9°9623 
0°9785 
9°9906 
1°1030 
0'0426 


1°4014 
0°1466 


1°0000 
0°0000 





I *0000 
0°0000 





1°0106 || 0°9785 
0°0046 | 9°9906 


0°9922 
9°9966 


1°0027 
0°0012 


1°0213 
0°0091 


1°0106 |. 


0°0046 


0°9314 |, 


9°9691 


1°0350 
0°01 50 


1°0000 
0*0000 


1°0379 
0°0162 





| 1°0156 | 
- 0'0067 


0°9575 
9°93811 


0°9785 
, 9°9906 


1°2433 
_ 0°0946 


| 0°9302 
| 99686 


1 °0000 
0*0000 


! 
i a tata 
ana 


loz, S 
0°9228 
9°9651 
0°9428 
9°9744 
0°8537 
9°93'3 
1°1625 
0°0654 
1°0220 
0°0094 
1°0789 
0°0330 


1'0220 
0°0094 
1°033! 
O’OI4I 


10444 
0'0189 } 


1'067 3 
0°0283 


1°0907 
0°0377 
10220 
0°0094 
0°9066 
9°9574 
0°7136 
9°85 34 | 


1°O0O000 
O0*0000 


I *0O00O 
O*0000 


1°0220 
0°0094 


0°9635 
9°9838 


| O° 9846 
| 99933 


1°C444 
00189 


1°0220 
0'0094 


0°8043 
9°9054 


1°0750 
O° ea 


ian 


0°0000 
ee | eee: eee | Pees ee 


Greenwich mean noon for common years, and at preceding midnight for leap years—Continued. 


F 
log F 


1°1482 
0°0600 


1°0997 
0°0413 


1°2622 
O°rOr! 


1°0681 
0°0286 


0°9700 
9°9868 


0°6518 
9°8141 


0°9700 
9°9868 


| 0°9554 
| 99802 
| 0°9409 


| 9'9736 


| O°O!27 
_ 9°y603 
0°8854 
9°9471 


0°9700 
- 9°9868 


| 11740 
, 0°0697 
| 1°7198 
0°2355 


I *0000 
0°0000 


I °0O00 
0*O0000 


0'9700 
9°9868 


1°0667 
0°0280 


1°0347 
0°0148 


| 

| 

| 

| 

| 

: 

0°9409 
9°9736 

oh 9700 
9°9868 

1 


I*4210 
C°1§26 


0°9037 
9°9560 


1 *OO00 
0*0000 


1930 


Sy 
log / 





0°8710 
9°9400 
0°9094 
9°9587 


0°7923 
9°8989 


0°9363 
9°9714 


1 0309 
00132 


1°5342 
0°1859 


1°0309 
0°01 32 
10467 
0°0198 


1°0628 
0°0264 


10956 
0°9397 


1°1295 
0°0529 


1°0309 
0'0132 
0°8518 
9°9303 
O°5814 
9°7645 


1°0000 
0*0000 


I*0o000 
0°0000 


1°0309 
0°01 32 


0°9375 
9°9720 


0°9665 
9°9852 


1°0628 
0°0264 


1°0309 
0°01 32 
0°7038 
9°8474 
1°1066 
0'0440 


1°0000 
0*°0000 
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TABLE 10.—Factors F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 
Greenwich mean noon for common years, and at preceding midnight for leap yeare—Continued. 


—_ ee | | | fe St ds C8 


Component. 
F S F S F F S 
log F log / log F log / log F log / log F log / 


ea SJ 


a 
log F 





OO 


P,, Rg, Ts 


Si, 2» 3) 4 


Ag, Hay Vs 


MK 


2MK 


2MS 


MSf, 2SM 


Mf 


1°1635 
0°0658 


0°9649 
9°9845 


0°6160 
9°7896 


0°9649 
9°9845 


0°9477 
9°9767 


0°9310 
9°9689 


0°898 3 
9°9534 
0°8667 
9°9379 


0°9649 
9°9845 


1°2262 
0°0886 


1°9802 
0°2967 


1°0000 
0*0000 


I °0000 
0°0000 
0°9649 
9°9845 


10871 
0°0363 


1°0489 
0°0207 


0°9310 
9°9689 


0°9%19 
9°9845 


1°5582 
0°1926 


0°83S0 
9°9484 


1°O0O000 


0°8 363 
9°9224 


0°8876 
9°9482 


0°7567 
9°8789 


0°8595 
9°9342 


1°0364 
O°0155 


1°6234 
0'2104 


1'0364 
O°0155 


1°0551 
0°0233 


1'0741 
O'O31I 


171132 
0°0466 


1°1538 
0°0621 


1°0364 
O°O155 


078155 
9°O1T4 


0°5050 
9°7033 


1*0000 
0°0000 


1°0000 
0°0000 


1°0364 
O°0155 


0°9199 
9°9637 


0°9534 
9°9793 


1°0741 
O°O311 


1°0364 
O°0155 


0°6417 
9°8074 


1°1261 
0°0516 


1°0000 


0°0000 | 0*°0000 


-~— = 


1°2089 
0°0824 


1°1339 
0°0546 


1°3369 
0°1261 


0°9794 
9°9909 
0°9636 
9°9839 
0°7616 
9°8817 
0°96 36 
9°9839 
0°9459 
9°9758 
0'9285 
9°9678 
0°8947 
9°9517 
0°8621 
9°9356 
0°96 36 
9°9839 
1°2406 
0°09 36 
2°0561 
0°3130 


1*0000 
0°0000 
1*0000 
0*0000 
0°9636 
9°9839 


1°0926 
0°0385 


1°05 28 
0'0224 
0°9285 
9°9678 
0°9636 
9°9839 
1°597! 
0°2033 
0°8842 
9°9466 
1°0000 
| 0°0000 


0°8272 
9°9176 
o'8819 
9°9454 
0°7480 
9°8739 
1‘O211 
0'0091 
1°0378 
o'o161 


1°3131 
0°1183 


1°0378 
o’o16!1 


1°0572 
0°0242 


1°0770 
0'0322 


I°1177 
0°0483 


1°1600 
0°0644 
1°0378 
0°0161 
0°8061 
9°9064 
0°4864 
9°6870 
1°0000 
0°0000 
1°0000 
0°0000 
1°0378 
o'o161 


0°9153 
9°9615 


0°9498 
9°9776 
1°0770 
0°0322 


10378 
o'o16! 


0°6262 
9°7967 
1°I310 
0°05 34 


I °0000 
0°0Q000 








1°1818 
0°0726 


1°1189 
0°0488 


1°3048 
O°1156 


0°8474 
9°9281 
0°9663 
9°9851 
1°1380 
0°0561 
0°9663 
9°9851 


0°9499 
9°9777 


0°9338 
9°9702 


0°9023 
9°9554 
0°8719 
9°9405 
0°9663 
9°9851 


1°2109 
0°0831 


1°9016 
0°2791 
10000 
0°0000 
1°0000 
0°0000 
0°9663 
9°9851 
1°0812 
0°0339 
1°0448 
0°0190 
0°9338 
9°9702 
0°9663 
9°9851 


1°5174 
o'rgi! 


, 0°8923 
| 9°9505 


1°1260 
O°0515 


1°0866 
0°0361 


1°2323 
0°0907 


0°8738 
9°9414 


0°9727 
9°9880 


0°9294 
9°9682 


0°9727 
9°9880 


0°9593 
9°9820 


0°9462 
9°9760 


0°9204 
9°9640 


0°8953 
9°9520 


0°9727 
9°9880 


1°1497 
0°0606 


1°6059 
0°2057 


1°0000 
0°0000 


1°O0000 
0°0000 


0°9727 
9°9880 


1°0570 
0°0241 


1°0281 
0°0120 


0°9462 
9°9760 


0°9727 
9°9880 


1°3588 
0°1331 


0°9120 


o°8881 
9°9485 
0°9203 
9°9639 
o°8115 
9°9093 
1°1444 
0°0586 


1°0280 
0°0120 


1°0760 
0'0318 


1°0280 
0°O120 


1°0424 
0'0180 


1'0569 
0°0240 


1°0865 
0°0360 


I°r170 
0°0480 


1°0280 
0°01 20 
0°8698 
9°9394 
0°6227 
9°7943 
1*0000 
0°0000 
1*0000 
00000 
1°0280 
0°0120 
0°9461 
9°9759 


0°9726 
9°9880 


10569 


0°0240 


1°0280 
0°01 20 


0°7360 
9°8669 
1°0965 
0°0400 


1°O000O0 
0°0000 


1°0597 
0°0252 


10454 
0'0193 


1°1344 
0°0548 


I°I4r5 
0°0575 
0°9823 
9°9922 
0°5834 
9°7660 
0°9823 
9°9922 
0°9735 
9°9883 
0°9649 
9°9845 


0°9477 
9°9767 


0°9309 
9°9689 
0°9823 
9°9922 
1°0763 
0°0319 


1°2923 
O'1I14 


10000 
0°0000 
10000 
0°0000 
0°9823 
9°9922 
1°0269 
O°O1T5 


1°0087 
0°0038 


0°9649 
9°9845 
0'9823 
9°9922 
1°1794 
0°0717 
0°9422 
9°9742 
1°0000 
0°O0000 


0°9437 
9°9748 


0°9565 
9°9807 
0°8815 
9°9452 
0°8760 
9°9425 
1°or81 
0°0078 


1°7142 
0°2340 


10181 
0°0078 


1°0272 
O°O117 


1°0364 
O°0155 


1°0551 
0°0233 


1°0742 
0'°0311 


1'o181 
0°0078 


0°9291 
9°9681 


0'7738 
9°8886 
I°OO00O 
0°0000 
1°0000 
0°0000 
1°o181 
0°0078 


0°97 38 
9°9885 


O°9914 
9°9962 
1°0364 
O°OI55 


rors! 
0°0078 


0°8479 
9°9283 
1°0613 
0°0258 
T0000 
0°0000 


0°9973 
9°9988 


1°0037 
0°0016 


1°0305 
0°01 30 


1°3364 
0°1259 


0°9939 
9°9974 


0°5144 
9°7113 


0°9939 
9°9974 


0°9909 
9°9960 
0°9879 
9°9947 
0°9819 
9°9921 
0°9760 
9°9894 


0°9939 
9°9974 


10065 
0°0028 


1'0321 
0°01 37 


1°0000 
0°0000 


1°0000 
0°0000 


0°9939 
9°9974 


0°9976 
9°9990 


0°9916 
9°9903 


0°9879 


3 9°9947 


= ——————— 


0°9939 
9°S974 


1°O192 
0°008 3 
0°9810 
9°9916 
1 ‘0000 
0°0000 


1°0028 
O°OO12 


0°9963 
9°9984 
0°9704 
9°9870 


0°7483 
9°8741 
1°0061 
0°0026 


1°9442 
0°2887 


1°0061 
0°0026 


1°0092 
0°0040 


I°O122 
0°0053 


10184 
0'0079 


1°0246 
0°0106 


1°0061 
0°0026 


0°9935 
9°9972 
0°9689 
9°9863 
1°O00O0 
0°0000 
1°0000 
0°0000 
1°0061 
0°0026 


1°0024 
roo-e) Ce) 


1°0085 
0'0037 


1°OI22 
0°0053 


1°0061 
0°0026 
o'9g811 
9°9917 


1°0194 
0°0084 
I°0000 
0°0000 


23d 


TABLE 10.—Factors F and f for reduction and prediction of tides; computed for the middle of each year, or for July 2, at 
Greenwich mean noon for common years, and at preceding midnight for leap years—Continued. 
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1946 1947 1948 1949 1950 Mean 
ere ee Sa a at tc Ct nN a rN pee ne ee Ie OLS. 
Component. , | | from the 
| F S|  F yf F va F Sf F Sf years 
| log F log £ 7 log F log / | log F log / log F log / log F log / 1850-1942. 
Ji, (My) 0°9458 | 1°0573 || o°g069 | 1°1027 || o°8801 | 1°1362 || 0°8643 | 1°1570 || 0°8584 | 1°1650 || 1°00490 
9°9758 | 0°0242 || 9°9576 | 0°0424 || 9°9446 | 0°0554 | 9°9367 | 0°0633 || 9°9337 | 0°0663 
K, 0°9669 | 1°0342 || 0°9375 | 1°0666 || 0°9164 | I’o9t2 |; 0°9036 | 1°1067 || 0°8987 | 1°1127 || 1°00609 
9°9854 | 0°0146 || 9°9720 | 0°0280 || 9°9621 | 0°0379 | 9°9560 | 0°0440 || 9°9536 | 0°0464 
K, 0°9363 | 1°0681 || 0°8602 | 1°1624 || 0°8055 | 1°2415 | O'7721 | 1°2951 || O'7594 | 1°3168 || 1°02421 
9°9714 | 0°0286 | 9°9346 | 070654 || 9°9061 | 0°0939 | 9°8877 | 071123 || 9°8805 | O-1195 
lL, 0°9165 | r'ogtI |) 0°7970 | 1°2547 || 1°1182 0°8943 2°0764 | 0°4816 || 0°9888 | 1°0113 || 0°97803 
9°9621 | 0°0379 || 9°90I5 | O°0985 |, 0°0485 | 9°9515 | 0°3173 | 9°6827 || 9°9951 | O°0049 
[L,] 1°0065 | 0°9936 || 1°0185 | o-g819 |] 1°0285 | 0°9723 | 1°0354 | 0°9658 || 1°0382 | 0°9632 || 1°00033 
0°0028 | 9°9972 || 0°0080 | 9°9920 || 0°0122 | 9°9878 | ovor$!1 | 9°9849 || 0°0163 | 9°9837 
M, 0°6755 | 1°4804 || 0°8786 | 1°1382 || o°5190 | 1°9269 | 0°4275 | 2°3390 || 0°5572 | 1°7947 || 1°55050 
9°8296 | 071704 | 9°9438 | 0°0562 || 9°7151 | 0°2849 || 9°6310 | 0°3690 |' 9°7460 | 0°2540 
M,, MS 1°0065 | 0°9936 | 1°0185 | o°9819 |, 1°0285 | 0°9723 | 1°0354 | 0°9658 | 1°0382 | 0°9632 || 1°00033 
070028 | 9°9972 || 00080 | 9°9920 || 6°0122 | 9°9878 || O'0151 | 9°9849 | 0°0163 | 9°9837 
M3 1°0096 | 0°9904 || 1°0278 | 0°9729 || 1°0431 | 0°9587 || 1°0535 | 079492 || 1°0578 | 0°9454 || 1°00074 
0°0042 | 9°9958 || O°OIIg | 9°9881 || 0°0183 | 9°9817 || 0°0226 | 9°9774 || 0°0244 | 9°9756 
M,, MN 1°0129 | 0°9872 || 1°0373 | 0°9641 || 1°0579 | 0°9453 || 1°0721 | 0°9328 || 1°0778 | 0°9278 || 1°00137 
0°0056 | 9°9944 || 0°0159 | 9°9841 |, 0°0244 | 9°9756 | 0°0302 | 9°9698 || 0°0325 | 9°9675 
Me 1°O195 | 09809 || 1°0565 | 0°9466 || 1°0881 | O°gIQI || I°I100 | O*g009 || 1°118g | 0°8937 || 1°00307 
0°0084 | 9°9916 || 0°0238 | 9°9762 || 0°0367 | 9°9633 || 0°0453 | 9°9547 || 0°0488 | 9°9512 
My 1°0260 | 0°9746 || 1°0760 | 0°9294 || I1°IIg1 | 0°8936 || 1°1493 | 08701 || 1°1617 | 0°8608 || 1700552 
O°O112 | 9°9888 || 0°0318 | 9°9682 || 0°0489 | 9°9511 || 0°0604 | 9°9396 || 0°0651 | 9°9349 
Nz, 2 N 1°0065 | 0°9936 || 10185 | O°g8Ig || 1°0285 | 0°9723 || 1°0354 | 0°9658 || 1°0382 | 0°9632 || 1°:00033 
0°0028 | 9°9972 || 0°0080 | 9°9920 || 0’0122 | 9°9878 |] O°0151 | 9°984Q9 || 0'0163 | 9°9837 
0,,Q, 0°9480 | 1°0§48 || 079031 | 1°1073 || 0°8716 | 1°1473 || 0°8527 | 1°1727 || 0°8456 | 1°1826 |i 100905 
9°9768 | 0°0232 || 9°9557 | 0°0443 || 9°9403 | 0°0597 || 9°9308 | o0°0692 || 9°9272 | 0°0728 
OO o°841r | 1°1889 || O°7100 | 1°4084. || 0°6259 | 1°5976 || 0°5784 | 1°72g90 || 0°5609 | 1°7828 || 1.10310 
9°9249 | 0°0751 || 9°8513 | 0°1487 || 9°7965 | 072035 || 9°7622 | 0°2378 |] 9°748q | o-2511 
P,, Re, Ts 1°0000 | I°0000 || I1°0000 | 1°0000 || 1°0000 | 1°‘0000 || 1°0000 | 1°0000 || I°0000 | 1°0000 || 1°00000 
0°0000 | 0°0000 || 0°0000 | 0°0000 || 00000 | O'0000 || 0°0000 | 0°0000 || 0:0000 | 0°0000 
Sis ay 39 4 1*0000 | 1°0000 || I°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°0000 | 1°0000 || I°00000 
0°0000 | 0°09000 || 0°0000 | 0°0000' |} 0°0000 | 0'0000 || 0°0060 | 0'0000 || 0°0000 | 0°0000 
Aa» Has V9 1°0065 | 0°9936 || 1°0185 | 0°9819 |] 1°0285 | 0°9723 |} 1°0354 | 0°9658 || 1°0382 | 0°9632 || 1°00033 
0°0028 | 9°9972 || 0°0080 | 9°9920 |] 0°0122 | 9°9878 || O°0151 | 9°9849 || 0°0163 | 9°9837 
MK 0°9731 | 1°0276 || 0°9548 | 170473 || 0°9426 | 1°0609 || 0°9356 | 1°0688 | 0°9330 | 1°0718 || 1°00428 
9°9882 | o°or18 || 9°9799 | O°0201 || 9°9743 | 0°0257 || 9°9711 | 0°0289 | 9°9699 | O'0301 
2 MK 0°9794 | 10210 || 0°9725 | 1°0283 || 0°9695 | 1°0315 || 0°9687 | 1°0323 |, 0°9686 | 1°0324 || 1°00315 
9°9910 | O°00g90 |! 9°9879 | O°0K21 || 9°9865 | 0°0135 || 9°9862 | 0°0138 | 9°9862 | 0°0138 
2 MS 1°0129 | 0°9872 |; 1°0373 | 0°9641 || 1°0579 | 0°9453 || 1°0721 | 0°9328 || 1°0778 | 0°9278 || 100137 
0°00§6 | 9°9944 || 9°0159 | 9°9841 || 0°0244 | 9°9756 || 0°0302 | 9°9698 |! 0°0325 | 9°9675 
MSf,2SM | 1°0065 | 0°9936 || 1°0185 | o-g8tg || 1°0285 | 0°9723 || 1°0354 | 0°9658 || 1°0382 | 0°9632 || 1°00033 
0°0028 | 9°9972 || 0°0080 | 9°9920 || 0°0122 | 9°9878 || ovors51 | 9°9849 || 0'0163 | 9°9837 
Mf 0°8930 | 1°1198 || 0°8008 | 1°2488 || 0°7386 | 1°3539 || 0°7023 | 1°4240 || 0°6887 | 1°4520 || 1°04317 
9°9508 | 0°0492 || 9°9035 | 0°0965 || 9°8684 | 0°1316 || 9°8465 | 0°1535 || 9°8380 | 0°1620 
1°0692 | 0°9353 || 1°1083 | 09023 || 1°1360 | o°8802 || 1°1475 | 0°8714 || o°99992 
0°0290 | 9°9710 || 0°0447 | 9°9553 || 0°0554 | 9°9446 || 0°0598 | 9°9,02 
1°0000 | 1°0000 || 1°0000 | I°0000 |] 1°0000 | 1°0000 || 1°0000 | 1°0000 || 1°00000 
0°0000 | 0°0000 || 0°0000 | 0°0000 || 0°0000 | 0°0000 |; 0°0000 | 0°0000 





ie etemene SS 











105 
110 
115 


120 
125 
130 


135 
140 


145 


150 


155 
160 


165 
170 
175 
180 


Log F (f.:) = log /(M.) + log &’, where #’ = ‘aha tina 


00778 
0°0764 
0°0722 


0°0656 
0°0569 
0°0467 


0°0354 
0°0236 
O°O117 


0°O0000 
9°9889 
9°9787 


9°9696 
9°9616 


9° 9549 


9°9497 
9°9459 
9°943 


9°9429 
9°9436 
9°9459 


9°9497 


9°9549 
9°9616 


9°9696 
9°9787 
9°9889 


0*0000 
O°O117 
0'0236 


0°0354 
0°0467 


0°0569 


0°0656 
0'0722 
0°0764 
0'0778 
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TABLE 11.— Values of log R' for obtaining the factor F of Ly from that of M3. 


0°0889 
0°087 3 
0°0824 


0°0747 
0°0646 
0°05 28 


0°0400 
0°0265 
0°01 30 


0°0000 
9°9877 
9°9764 


9°9663 
9°9575 
9°9503 


9°9445 
9°9404 
9°9379 


9°937! 
9°9379 
9°9404 


9°9445 
9°9593 
9°9575 


9°9663 
9°9764 
9°9877 


0°0000 
0°01 30 
0°0265 


0°0400 
0°05 28 
0°0646 


0°0747 
0°0824 


0°0873 
0°0889 





O'IOI4 


0°0994 
0°0938 


0°0847 
0°073!1 
0°0595 


0°0448 
0°0296 
0°0146 


0°0000 
9°9864 
9°9739 


9°9628 


9° 9533 
9°9454 


9°9392 
9°9347 
9°9320 


9°9312 
9°9320 
9°9347 


9°9392 
9°9454 
9°9533 


9°9628 


9°9739 
9°9864 


0°0000 
0°0146 
0°0296 


0'0448 


0°0595 
0°0731 


0°0847 
0°0938 
0°0994 
O°1O14 


of every month are given in Table 6. 
When P hes between 180° and 360° subtract 180° from it, and enter the table with the remainder. 


21° 


O°1154 
O'II3: 
0°1064 


0°0959 
0'0824 


0°0668 


00501 
0°0330 
o‘ol61 


0°O0000 
9°9850 
9°9714 


9°9593 
9°9490 
9°9404 


9°9337 
9°9289 
9°9260 


9°9250 
9°9260 
9°9289 


9°9337 
9°9404 
9°9490 


9°9593 
9°9714 
9°9850 


0°0000 
o’o161 
0°0330 


O°OSOl 
00668 
0°0824 


0°0959 
,0°1064 


O°1131 
O°1154 


= inclination of moon’s orbit. 





O°1312 
0°41 284 
0°1206 


0'1083 
0°0926 
0°0748 


0'0558 
0°0306 
o°0178 


0°0000 
9°9836 
9°9687 


| 
9°9556 
9°9445 
9°9353 
9°9281 
9°9229 
9°9198 


9°9188 
9°9198 
9°9229 


9°9281 


9°9353 
9°9445 


9°9556 
9°9687 
9°9836 


0*0000 
0°0178 
0°0366 


0°0558 
0°0748 
0°0926 


0°1083 | 
0°1206 
0°1284 
O°1312 


O°1491 
0°1459 
0°1365 


o°r221 
0°1 365 
0°1459 
o'1491 


0°1696 
0°1658 


0°1547 


0°1377 
071165 


0°0930 


0°0687 


0°0445 
0°0215 


0’°O0000 
9°9805 | 
9°9631 


9°9479 
9°935! 
9°9246 


9°9164 
9‘9106 


9°9071 


9°9059 


9°9071 
9°9106 


9°9164 
9°9246 
9°935! 


9°9479 
9'9631 
9°9805 


0°0000 
0°0215 


0°0445 


0°0687 


0°09 30 
O°1165 


O°1377 
0°1547 
0°1658 
0°1696 


0°1935 
0°1888 


0°1754 


O°1§52 
0°1 305 
0°1035 


0°0759 
0°0489 
0°0235 


0°O0000 
9°9788 
9°9601 


9°9439 
9°9302 
9°9190 


9°9104 
9°9042 
9°go06 


9°8993 
9° 
9°9042 


9°9104 
9°9190 
9°9302 


9°9439 
9°9601 


9°9788 


0°0000 
0°0235 
0°0489 


0°0759 
0°1035 


0°1 305 


O°1552 
0°1754 
0°1888 


oO" 1935 | 


1 — 12 tan? } I cos 2 P 


0°2216 
0°2158 
0°1995 


0°1753 
0°1462 
O° 150 


0°0837 
0°05 36 
0°0256 


0°O0000 


9°977! 
9°9570 


9°9398 
9°9252 
. 9134 


9°9043 
9°8978 
9°8939 


9°8926 
9°8939 
9°8978 


9°9043 
9°9134 
9°9252 


9°9398 
9°9570 
9°9771 


0°0000 
0°0256 
0°05 36 


0°08 37 
O°1150 
0°1462 


0°1753 


0°1995 
0°2158 


O° oats 


0°2555 
0°2482 
0°2279 


0°1984 
0°1639 
0°1277 


0°0922 
0°0586 
0°0278 


0°0000 
9°9754 
9°9539 


9°9355 
9°9201 
9°9077 


9°8981 


9°8913 
9°8872 


9°8858 
9°8872 
9°8913 


9°8981 
9°9077 
9°9201 


9°9355 
9°9539 
9°9754 


0°0000 
0°0278 
0°0586 


0°0922 
0°1277 
0°1639 


0°1984 
0'2279 
0°2482 


0°2555 


0°0301 
0°0640 


O°1O14 
o'1418 
0°1840 


0°2255 
0°2622 
0° 2881 
0°2976 


| SR en SSS SSS a 


ee a eee 


0°3523 
0°3393 
0° 3047 


"0°2579 
0°2072 
0°1575 


O°LII4 
0°0697 


0°0326 


0°0000 
9°9717 
9°9473 


9°9267 
9°9097 
9°8959 


9°8854 
9°8780 
9°8735 


9°8720 
9°87 35 
9°8780 


9°8854 
6°8959 
9°9097 


9°9267 
9°9473 
9°9717 


0°0000 
0°0326 


0°0697 


O°III4 
0°1575 
0°2072 


0°2579 
0° 3047 
0°3393 
0°3523 


The values of 7 and / for the first day 


TABLE 12.— Values of log Q' for obtaining the factor F of M, from that of QO. 


v 
Sy 


° 
re) 
I 
2 
3 
4 
5 
6 
7 
8 
9 


118 
119 





Log F (M;) == log F (9,) + log Q’”, where Q” = 


The value of P for the tirst day of every month is given in Table 6. 
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128 
129 


130 
131 
132 
133 
134 
135 
136 
137 
138 
139 


140 
14t 
142 
143 


145 
146 
147 
148 
149 


150 
15! 
152 
153 
154 
155 
156 
157 
158 
159 


160 
161 
162 
163 
164 
165 
166 
167 
168 
169 


170 
171 
172 
173 
174 
175 
176 
177 
178 
179 


Log Q’ a 





°o 
9°8785 180 
9°8729 181 
9°8673 182 
9°8618 183 
9°8563 184 
9°8509 |. 185 
9°8456 || 186 
9°8403 | 187 
9°8351 188 
9°8300 189 
9°8249 190 
9°8200 191 
g°8151 192 
9°8103 193 
9°8056 194 
9'8010 195 
9°7965 196 
9°7921 197 
6°7878 | 1098 
9°7836 |! 199 
9°7795 200 
9°7755 20! 
9°7716 202 
9°7678 203 
9°764! 204 
9°7605 205 
9°7579 206 
9°7536 207 
9°7503 208 
9°7471 209 
9°7441 210 
9°7411 211 
9°7382 212 
9°7354 213 
9°7328 214 
9°7 302 215 
9°7277 216 
9°7254 217 
9°7231 218 
9°7210 219 
9°7190 220 
9°7170 221 
9°7151 222 
9°7134 223 
Q°7117 224 
9'7102 225 
9°7087 226 
9°7974 227 
9°7061 228 
9°7050 229 
9°7939 230 
9°7030 23! 
9°7022 232 
9°7014 233 
9°7008 234 
9°7002 235 
9°6998 236 
9°6994 237 
9°6992 238 
9°6990 239 


9°7002 
9°7008 
9°7014 
9°7022 
9°7030 


9°7039 
9°7050 
9°7061 
9°7074 
9° 7087 
9°7 102 
Q°7117 
9°7134 
9°715! 
9°7170 


9°7190 
9°7210 
9°7231 
9°7254 
9°7277 
9°7 302 
9°7328 
9°7354 
9°7 382 
9°7411 


9°7441 
9°7471 
9°7503 
9°7536 
9°7570 
9°7605 
9°7641 
9°7678 
9°7716 
9°7755 


9°7795 
9°7836 
9°7878 
9°7921 
9°7965 
98010 
9°8056 
9°8103 
g‘8151 
9°8200 


98249 
9°8300 
9°8351 
9°8403 
9°8456 
9°8509 
9°8563 
9°8618 
9°8673 
9°8729 


I 
(25 +15 cos2 /)!, 





| ag 


242 


250 


Log ? 


9°8785 
9°8841 
9°8898 
9°8955 
g°90l12 


9°9125 
9°9181 
9°9237 
9°9292 


9°9347 
9°9400 
9°9453 
9°9504 
9°9554 
9°9602 
9°9649 
9°9693 


9°9735 


9°9775 


9°9812 
9°9846 
9°9877 
9°9905 
9°9930 
9°995! 

"9968 
9°9982 
9°9992 
9°9998 


10,0000 
9°9998 
9°9992 
9°9982 
9°9968 
9°995! 
9°9930 
9°9905 
9°9877 
9°9846 


9°9812 
9°9775 
9°9735 
9°9693 
9°9649 
9°9602 
9°9554 
9°9504 
9°9453 
9°9400 


9°9347 
9°9292 
9°9237 
9'9181 
9°9125 
9°9068 
9°90T2 
9°8955 
9°8898 
9°8841 








349 


350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
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TABLE 13.— Fact 
ors F and f, corr i 
SI, esponding to every tenth of a degree of I, for reducti 
, ion and prediction of tides 








°o 
18°3 13400 
5 ° 
4 *20440 565 0°82640 ’ 
5 | +1882 | 558 $2640 |’ 389 || 73°3 | 0°99207 | 
6 19330 552 "83416 387 4 "98971 326 1°00708 
‘7 18784 546 "83801 385 5 “98648 323 "01040 332 
8 "18245 539 84186 385 6 *98329 319 "01370 330 
18°9 “17712 533 "84570 384 7 “98012 317 01700 330 
527 "84953 383 ‘8 97699 313 "02028 328 
19°O “17185 382 23°9 "97389 310 "02355 327 
I 16665 520 "85335 306 ‘02681 326 
bd "16151 514 "85716 381 “0 "97083 324 
3 "15642 509 "86095 379 : "96779 304 "03005 2 
4 "15139 503 "86474 379 2 -96479 300 "03328 323 
497 86851 377 3 96181 298 03650 322 
19°5 "14642 377 4 "95886 295 *03970 320 
6 “14151 491 87228 . 29! *04290 320 
7 “13665 486 87603 375 > "95595 318 
8 "13185 480 "87978 375 "95 307 288 "04608 
19°9 "12710 475 "88351 373 7 “95021 286 04924 316 
470 "88723 372 ‘8 94738 283 "05240 316 
20°0 12240 372 24°9 "94458 280 "05554 314 
= "11776 464 "89095 ne 277 108867 313 
as "11317 459 89465 370 50 "94181 312 
3 "10863 454 89834 369 I °93906 275 061 79 
"4 10414 449 "90202 368 2 "93634 272 "06489 310 
444 "90568 366 3 "93365 269 06798 309 
20°5 "09970 366 4 "93099 266 07 106 308 
be "09531 439 "90934 es 264 07412 3 
es "09096 435 "91299 365 3°5 "92835 395 
-$ "08667 429 ° 9g! 662 363 6 "92574 261 ‘O7717 
20°9 08242 425 "92024 362 7 92316 258 “08021 304 
420 "92386 362 . -92060 256 08324 303 
21°0O 07822 360 25°9 ‘91806 254 08625 301 
- 07406 416 "92746 ae 251 08925 300 
bs "06995 411 °93105 359 px "91555 298 
‘3 "06588 407 "93463 358 : "51307 248 "09223 
"4 ‘06185 403 "93819 356 2 “91061 246 09521 298 
: 398 "94175 356 3 "90817 244 "09817 296 
20°5 ‘05787 354 4 ‘90576’ 241 IOIII 294 
i "05393 394 ‘94329 26" 239 "10404 293 
7 "05004 389 "94883 354 H ‘90337 292 
. 104618 386 95235 352 *QOIO! 236 1066 
219 ‘04237 381 "95586 35! 7 "89867 234 "10987 291 
378 "95936 359 Pa "89635 232 "11276 289 
22°0 03859 348 20°9 "89405 230 I 1564 288 
"I "03486 373 96284 ; 227 "11850 286 
is “03116 370 "96632 348 a9 89178 : 285 
"3 "02751 365 96978 346 = "88953 225 "12135 
4 02389 362 °97 323 345 2 "887 30 223 12419 284 
358 "97667 344 3 "88510 220 12701 282 
22°5 "02031 343 4 *88291 219 12982 281 
6 "01677 354 “98010 ; 216 13262 280 
7 "01326 351 98351 341 27°5 ‘88075 278 
8 "00979 347 ‘98692 34! 6 "87861 214 °13540 
22°9 “00636 343 99031 339 7 "87648 213 13817 277 
340 "99369 338 8 87438 210 "14092 275 
25° 1°00296 336 27°9 87230 208 14366 274 
. 0°99959 337 0°99705 38: 205 "14639 273 
ie "99626 333 100041 336 2 ‘87025 271 
23°3 0°99297 329 "00375 334 : 86821 204 14910 
326 100708 333 os "86619 202 "15180 270 
332 °3 *8641 9 200 a ( 5448 268 
ii 86221 198 “15715 267 
e 5 *86025 196 I 3981 rr 
; 0°858 I "1624 
5531 94 ee 658 563 
a ete oe) __0°72147 
peer n / cos £ — sin 2/ 
f unar K. 
(J:) =/ for lunar K). 


J is given for the first of each month in Table 6 


REPORT FOR 1894—PART II. 239 


TABLE 13.— Factors Fand f, corresponding to every tenth of a degree of I, for reduction and prediction of tidee—Continued. 


/ F(K,) | Diff. | /(K)) Diff. I F(K)) Diff. J (K)) Dif. 
° | ° 
18°3 1°13450 0°88145 23°3 1*00073 0°99927 8 
‘4 13142, | 308 88385 oe 4 | 0°99845 rei 1°C0155 boa 
5 "12835 | at "88626 240 "5 "99019 ss "00383 227 
6 *12530 3 - "88866 240 6 "99395 oe ‘00610 nae 
ay | °12227 | a "89106 239 of "99172 ae "008 36 asG 
8 "11926 | 299 "89345 240 8 "98950 | a "01062 225 
18°9 °11627 298 "89585 239 23°9 "98729 | 219 "01287 226 
I9°0 | "11329 "89824 24°0 “98510 "O1512 
1 | 11033 | 29 | -go05g | 249 sr | 98293 | «22 | congay | 225 
"2 "10739 292 "90304 339 2 "98077 215 "01961 224 
"3 "10447 291 "905.43. 238 3 "97862 214 02185 224 
19°§ | ‘09867 ‘gtorg | 24°5 | °97435 02632 | 94 
6 09579 91258 ae 6 "97225 a 02854 ae 
‘8 "09009 282 "91735 239 8 "96808 207 "03297 a4 
19°9 ‘08727 aRe 91974 | 338 24°9 ‘96601 08 "03518 mae 
20°0 ‘| "084.46 "92212 25°0 °96396 03738 
2 ‘08166 a "92451 238 T "96193 sti "03958 iG 
°3 "07613 274 "92927 237 3 "95790 ea 04396 aER 
"4 07339 272 93164 236 4 95590 199 04614 218 
20°5 "07067! "93400 25°5 "95391 "04832 ni 
6 06796 | 3h "93037 a 6 "95194 i “05049 ea 
8 "06259 267 ‘O4II! 236 -8 "94805 193 "05481 215 
20°9 "05992 265 "94347 236 25°9 "94612 193 "05696 215 
21°0 "05727 "94583 26°0 "94419 “O5QI1 
‘I 705464 oe "94819 A | "94228 189 "06125 ae 
‘2 "05203 ee "95054 235 "2 "94039 138 "06338 213 
°3 °04943 258 "95289 235 °3 "9355 I 187 "0655 I 21 3 
4 "04685 256 "95524 235 "4 "93664 185 "06764 as 
21°5 "04429 "95759 ; 26°5 "93479 g "06976 : 
6 "04174 ae "95904 ar 6 "93295 183 07187 se 
7 *03920 252 "96228 234 7 °93112 182 07398 B16 
8 "03668 251 "96462 234 8 *92930 181 "07608 209 
21°9 "03417 249 "96696 233 26'9 "92749 179 "07817 209 
22°0 703168 ‘96929 27°O °92570 "08026 
| 02921 Ga °97162 a “I "92392 ab "08234 = 
3 "02432 243 °97626 232 3 "92041 174 *08647 mes 
4 "02189 241 97858 231 "4 °91 867 174 08853 a6 
22°5 "01948 "98089 27°5 "91693 "09059 
6 "O1709_ |; 238 “08320 i 6 "91521 fe "09264 = 
| "01471 237 "98551 230 7 "91351 170 "09468 204 
8 "01234 236 *98781 230 8 91181 168 "09672 203 
22°9 00998 234 “ggor! 230 27°9 91013 167 09875 pie 
23'0 "00764 "99241 28°0 ‘90846 66 *10077 ; 
"I "005 32 a0 "99470 3 I -g0680 e 5 "10278 pts 
‘2 "00302 229 -99698 229 2 *QOST5 163 "10478 pen 
23°3 1°0007 3 228 0°99927 208 3 "90352 163 "10678 bas 
"4 *QOI90 162 "10878 199 
‘5 "90028 166 t 1077 198 
28°6 0°89868 1°11275 
fcc teiat O ae eaee e 
(sin? 2 I + 0°66962 cos v sin 2 1+ 0°11210)3° 


/ is given for the first of each month in Table 6. 


240 e 


$ Diff. 
S (Ka) 
Diff | f F (Kg) | Diff. 
Diff. S (Ke) 
I F (Ky) 











Me dee el, 
—___ —|-—___— 0 0°97760 6 
—s v= 23°3 1°02291 578 ORG 30 
° 0°74732 363 ‘4 "01713 576 "98876 563 
18°3 1°33821 652 "75095 367 5 "01137 572 0°99439 566 
4 ‘33169 651 "75462 372 6 "00565 569 1°00005 570 
‘5 "3251 652 75834 377 7 0°99996 567 "00575 573 
6 31866 652 "76211 381 8 "99429 564 "01148 577 
"7 "31214 652 76592 385 23°9 "98865 561 
8 "30562 652 ‘76977 388 01725 580 
18°9 *29910 653 24°0 98304 558 "02305 583 
77365 392 ff 97746 554 02888 587 
19‘O 29257 653 77757 397 ! 2 “97192 55! °03475 §90 
- "28604 653 "78154 401 “3 "96641 548 "04065 594 
2 27951 653 "78555 405 4 "96093 545 
3 2729 653 "78960 409 "04659 597 
‘4 26645 652 24°5 "95548 $42 "05256 600 
"79369 412 6 "95006 539 "05856 604 
6 25341 651 80198 421 8 "93932 532 "07067 610 
." 24690 651 "80619 425 24°9 93400 529 
8 24039 650 "81044 429 "07677 613 
19°9 23389 649 25°0 92871 526 "08290 616 
"81473 432 1 "92345 $23 ‘08906 620 
BONG 22740 648 "81965 436 s "91822 520 09526 623 
1 22092 647 "32341 440 3 "91302 516 "10149 626 
2 21445 646 82781 445 4 "90786 513 
3 20799 645 "83226 449 "10775 629 
‘4 20154 644 25°5 *90273 510 "11404 633 
"83675 452 6 89763 507 "12037 630 
asic 19510 642 -84127 456 7 "89256 504 "12673 639 
‘6 18868 64! "84583 460 8 "88752 500 “13312 642 
7 eee 639 "85043 464 | 259 "88252 497 | 
8 1758 638 "85507 468 || "13954 645 
20°9 16950 637 | 26°0 "87755 494 "14599 648 
85975 1 gas - "87261 4g! "15247 651 
21°0 16313 634 "86446 475 2 "86770 488 "15898 654 
1 "15679 632 "86921 479 3 "86282 | 484 16552 658 
Ss "15047 630 "87400 483 ‘4 "85798 481 : 
+3 re tee 629 *87883 | 487 ‘17210 660 
4 "1378 627 26°5 "85317 478 "17870 663 
: "88370 490 6 "84839 475 "18533 666 
21°5 "131 6 625 "88860 | 494 7 "84364 472 “19199 670 
6 "1253 622 ‘89354 498 8 "83892 468 "19869 673 
7 "11914 620 "89852 | 502 26-9 83424 | 465 
8 "11294 618 90354 506 °20542 075 
21°9 ‘10676 616 | 27°0 "82959 462 "21217 | 698 
"90860 | gag! “4 "82497 459 -21895 681 
22°0 "10060 613 "91369 513 2 "82038 456 "22576 684 
1 "09447 610 "91882 516 -3 "81582 453 23260 688 
“2 08837 608 "92398 520 | 4 81129 450 
08229 606 92918 524 23948 690 
‘4 07623 604 27°5 "80679 447 - *24638 693 
"93442 527 6 "80232 444 "25331 695 
22°5 nbaik 601 "93969 531 7 "79788 440 -26026 698 
2 0641 598 “94500 534 8 "79348 437 "26724 701 
7 05820 595 "95034 538 27°9 "78911 434 
8 05225 592 "95572 542 "27425 704 
22°9 04633 590 Bare "78477 431 "28129 707 
"96114 545 7 "78046 428 "28836 710 
230 04043 587 “96659 549 ‘2, = °977618 425 "29546 713 
“I 0345 584 "97208 552 3! 77193 422 *30259 715 
o 02872 581 097700 36 4 "76771 420 "30974 718 
23°3 1°02291 578 “6 "76351 417 1°31692 
28°6 0°75934 
O°22915 
a a rir ay areare Or 


(sin 4 74+ 0°14527 cos 2 v sin? /-4 0'00528)4 
/ is given for the first of each month 1n Table 6. 
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TABLE 13.—Factors F and f, corresponding to every tenth of a degree of I, for reduction and prediction of tides—Continued. 





Z F for lunar K, Diff. J for lunar Kg Diff. yf F for lunar Kg Diff. J for lunar K, Diff. 
° ° 
18°3 1°§8749 0°62992 23°3 1°00037 0°99963 
4 "57088 ip "63658 oe ‘4 0°99232 pe 1°00774 a 
‘5 | 55454 | = 1034 64328 th +5 | — -98436 796 01588 a 
7 se2762 1583 65676 e70 7 96876 775 03225 aie 
8 go7os | 137 66355 79 8 96110 7 04047 oe 
189 | 49172, | 1333 67037 68, || 23°9 95354 7 04872 82> 
19°0 "47663 "67722 24°0 608 "05699 
“I 46178 1485 *68410 688 | 93871 LEA 06529 ao 
2 "44716 eae “69101 os °2 93143 9 07362 go5 
2] Ue | | aes | Sh) g |) Si | Be) oe] 
4 "41859 I °70493 : 9 : 
395 700 7O1 840 
19°5 "40464 71193 24°5 91013 "09875 
"6 39090 ae 71896 sae 6 *90320 6a: 10718 
3 37737 1333 "72602 710 3 "89635 676 "11563 848 
30404 1313 73312 712 668 my 851 
19°9 "35091 1292 "74024 715 24°9 88291 660 °13262 853 
20°0 33799 °74739 25°0 87631 14115 
I 32525 ee "75457 I 86 rp "14970 Boe 
3 | "30044 | 1236 Mat 724 is Bsec8 637 “18689 861 
‘3 3 1218 ‘ 3 727 : 629 : 863 
20°5 27616 "78360 25°5 84447 18417 
6 26433 | 163 "79093 = 6 83833 ra 19285 ai 
7 25267 ss "79829 73 4 83226 20155 rhe 
8 24118 1149 80598 739 8 82626 Goo 21028 873 
20°9 22986 : 26 81310 ne 25°9 82032 338 21903 373 
21°O 21870 i "82055 26°0 "81446 °22781 
1 20770 pace "82802 747 1 “80867 579 "23661 880 
2 19685 bi 83553 75! 80294 373 24543 a 
: 86 1070 “84206 753 ; 2 567 *2e42 884 
: . sot 1054 85062 756 : yeiee 560 be 887 
— 1040 759 e 555 890 
21° 16525 | *85821 26°5 78614 °27204 
2 15496 ae) "86587 ee 6 78067 ot -28096 892 
3 at 997 ‘87348 768 3 EL es 535 Boeke 896 
21°9 12503 ee "88886 a 26°9 *76462 oP *30785 ee 
22°0 1153 89659 27°O °75938 *31686 
2) Se] oe | oes | me | 2] geet | ie | ee | oo 
2 09032 91214 “74 ; 
3 08701 a 91996 Le 3 "74403 = 34403 a 
“4 07782 oe 92780 787 4 | — °73903 rhe "35313 ats 
22° 06875 93567 27°5 "73408 "36225 
8 05980 895 94357 1” 6 "72918 ria "37140 915 
7 05097 883 95150 793 7 72434 484 38056 916 
8 04226 the 95945 3 8 71955 aya "38975 oar 
22°9 03366 848 96743 7" || 279 71431 48 “39 a 
23°0 02518 97544 28°0 71013 40820 
I 01680 838 98348 se: I 70549 464 "41746 926 
‘ 809 





ea 77 (eins) 2 15 O54 





sin? / sin J ° 
/ is given for the first of each month in Table 6. 


8S. Ex. 8, pt. 2——16 
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TABLE 13.—Factors F and f, corresponding to every tenth of a degreeof I, for reduction and prediction of tidee—Continued. 


yf ¥ (Mg) Diff J (M3) Diff I F (M3) Diff Diff. 
3° 3° 
18°3 0°96349 1°03789 23°3 O° 
4 | 196403 ae 03731 oh ‘4 99558 a 
2) 2s 55 oe 59 3 | 199030 72 73 
ol cere 55 (03013 59 aD Me «9970 73 74 
7 "965 36 "03554 bo "7 (99773 73 73 
8 "96624 56 "03494 60 8 9984 74 9 
18'9 6 03434 60 23°9 99922 a by 
19°0 "96736 "03374 24°0 0°99996 
I "96793 a 03313 1 1°00070 oe de 
*2 *96850 57 03252 61 °2 *OO145 75 7 
3 *96907 8 03191 61 "3 "00220 7 
*4 96965 38 03130 62 4 00296 76 ss 
19°5 "97023 03068 24°5 00372 
6 | -97081 | . 3 03006 | ° % 76 76 
7 “97140 39 02944 6 "7 00525 77 tb 
8 *97199 39 02881 6. 8 2 7 7 6 
19°9 "97259 56 02819 63 24°9 00679 78 
20°0 97318 02756 25°0 "00757 
I 97378 = "02692 a oD | 008 35 77 
2 | *97439 61 02629 6. 2 |  ‘o0gt4 3 y 
“4 9 e 02 “4 ‘C1072 rae 7% 
20°5 97622 02436 25'5 OLI52 80 
6 97684 oe 02371 ee 6 01232 80 3 
7 97746 63 02306 65 7 O1312 81 79 
8 97809 és 02241 8 01393 81 
20°9 97871 64 02175 66 25°9 01474 82 ie 
21°0 "9793 6 02109 66 26°0 01556 82 
“r eon é3 02043 67 I 01638 82 a? 
°2 *98062 64 01976 66 01720 83 80 
3 "98126 6 OI910 6 3 01803 8 81 
4 98191 62 01843 4 4 01886 ro 80 
21 "98256 *01775 26°5 01970 
2 *98321 5 O17 7 6 02054 84 es 
7 "98387 66 01640 68 7 02138 85 81 
8 98453 66 01572 69 8 0222 8s 81 
21°9 98519 67 01503 68 26°9 023 83 Bo 
22°0 98586 "01435 27°0 02394 
I 98653 yt 01 366 2 I 02480 ee 
98720 68 "01296 69 2 02566 87 83 
3 98788 68 °O1227 . 3 02653 87 82 
4 98856 69 "O1157 a 4 02740 88 83 
22 "98925 01087 27°5 02828 
2 "98994 rs OIO17 Ne 6 02916 8S a 
Z| 199963 | G9 becca al oe 88 84 
2 oe i0 perth, 7 27°9 et 90 84 
2°9 -99 . 
71 71 89 84 
23°0 "99273 007 33 28°0 03272 
r |  °99343 us 00661 “1 03363 9 Be 
465| dorggase 72 ee 72 is el gt 85 
_ 72 73 4 03035 ra 85 
5 | 03727 | 3 
28°6 1°03819 9 








Fat [fa O84 o cost $F 091538 

cos! 3 J cost 4 J 

Fe eR) = FON) (MS) = PSM) 7 MSH sag a a 
f (Ms) = fF (Ns) = (2 N) = / (MS) = / (2 SM) = f (MSf) = f (4s) = F (us) = F (4). 


J is given for the first of each month in Table 6, 
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| / Diff. S(O» | Diff. 
yf F (O;) Diff. S (Q)) Diff. 
hae. a ° : 
| 0°998 34 68 
° : 23°3 368 ‘99834 3 
: 0°8052 "99 68 
ae goats 617 ‘80932 pe 4 364 "00570 367 
"4 "235 610 81334 fs 5 $62 eel 36 
f) ee |e) ee |B |: 2 | 32/2 
° 5 *82134 a 6 
"7 Bue 59° "825 34 305 8 352 bien: 365 
9 583 82933 333 23°9 3 
18°9 20579 576 ie - ae is 
2000 83331 Se 6 
19°0 “1 3 570 Sie ies ;. 342 aE 363 
1 : 13800 564 “84126 aor ‘2 339 oe 36 
3 : 18311 ee . eee 396 ; 3 36 bat I 36 
; -84919 
16674 aos 394 ae 330 104563 358 
19°5 “16674 540 "85708 394 327 aaa 358 
6 16141 533 86102 304 2 323 iat 358 
| : ee 528 "86496 392 321 ee 337 
‘8 15013 523 $6888 - 24°9 
19°9 15090 517 3 . ae i 
i "14573 "87280 392 a5"0 31 rise 358 
20°O " aie 511 "87672 406 I 312 on 355 
1 ps 6 506 “88062 ree ‘2 350 seal 35 
‘3 13085 | 495 ‘88802 390 : 307 
"4 125 49! ae 7 ae f 
: 89618 : "08112 : 
20°5 ce 485 mei 333 "6 ee bl 51 
7 rt1og | 480 Kate 387 : 296 08812 349 
x! *10629 pt oor 386 a5‘9 294 eeieI 349 
20°9 "IOI 58 465 gO7 385 7 _ . 
‘ "09693 "91164 385 2 2 289 he 348 
oa fas ace Ht oe 384 ie 2 "10203 346 
a OB 75 457 °91933 383 "2 283 Bae 346 
2 Be. 451 "92316 383 3 282 Boe 345 
4 377 | 447 "92699 333 4 soe 
"4 07577 443 7 or “ 
é | Sy gee | ae | 3 as | ng | 3 
21°5 438 "93462 380 ; 274 rey 343 
6 06562 434 "93842 380 4 272 ee 342 
3 i ? 425 eA65 379 : ae *12606 340 
: ; 425 794601 7 26°9 267 
21°9 05707 421 379 _ és 12946 565 
. °04080 . 3 6 
22°0 Cope || 417 eee 317 : = 13285 
- "04456 413 °95734 377 i ae 13061 337 
2 ; 7 409 "Q6III 375 3 25 es 337 
4 | -036q2 | 495 | 96486 | 378 4 258 
"4 3 401 27°5 se “1 4634 335 
; : I i "149 
“S| Sto | | he) a | 7! 3 | ie |S 
q neat 300 oon 372 5 28 "15636 332 
3 ° 336 ‘9798! 372 27°9 ae 15968 ae 
ae ee ™” oe in 28°0 244 "16300 33! 
. cate *16631 
23°0 ‘or ats 379 ose a 7 oe ae i 
2 | esd | | ous | | | ie | 
8 es 
ae Oe al ee ae ae | ee | ey 
282 234 1°18271 
sin w cos? ¢w cost$ zs 0° 38005 
f= sin / cos? 3 7 ~~ sin J cos*® 


0.) = F(Q:) =F (M,) = @. 
“10 = 710} = f(Mi)xK @. 


J is given for the first of each month in Table 6. 
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TABLE 13.—Factors F and f, corresponding to every tenth of a degree of I, for reduction and prediction of tidee—Continued. 








l F (OO) Diff. Diff. 
° 
18°3 2°06270 * | 
*4 2°02981 3289 784 
5 1°99763 32! 793 
"7 93532 | 3082 0 
8 90815 3017 818 
18°9 87561 2954 827 
2892 835 
1 | lgtgee | 2832 843 | 740 Sede 1121 geet | 1307 
2 ae 2774 852 = Beat 1102 eae 1318 
ee | 2717 861 : E 9 1085 22 | 1327 
a eee 2662 869 = aoe 1067 apr 1337 
19'5 71077 2555 886 24'5 "87726 1033 "13991 1359 
zee 2503 895 756093 1016 he Sh 1368 
3 raat 2454 904 4 pie 1000 ee 1378 
éoter | «| 2404 912 a 984 18098 | 1389 
19°9 1161 2357 o21 24°9 83693 969 "19485 1399 
ae Pater 2310 929 25°0 oe 953 "20884 1409 
. ieee 2265 939 : pe 939 eta 420 
pooner 947 2 Esha 923 ie ti 430 
ol, 2178 956 3 ee 910 ores 1440 
4 49830 | 2135 965 78999 895 aye 1451 
20°5 47695 25°5 78104 88 °28034 
6 45600 | 2088 oA 6 77223 368 "29495 ay 
3 "43545 2015 992 7 76355 854 "30967 1482 
20°9 39553 1940 aaees 25°9 74659 829 °33942 1503 
21°0 37613 : : 26°0 "73830 35445 
: "35709 | 186g aaae I 73014 . 36959 ee 
2 33841 1833 1038 7 Uaioe 791 738484 1535 
2 732008 | 1799 1047 : ple 780 eee 1546 
4 30209 1766 1056 4 °70639 768 °41565 1556 
3 | ers | 1734 ro6s | 70'3 | 09871 757 43033 | 1567 
F *9 709 1702 1075 ; oe. és 746 ae 66 1578 
| 39007 | 1672 1084 Z Ba 734 a 1589 
a2 21694 1611 1103 one wee 713 bias 1610 
sie ae 1583 1112 si bah 703 731005 1621 
2 160 6 1554 ayes ; Ppa 693 5? 8 1632 
oo 1527 1131 . betes 682 o43% 1643 
22°5 12446 |, 160. «|| 27'S 62783 F 59279 
6 | 10998 | 14a 169 | © | 162129 | GSE | “Boss | eke 
Z| 2978 | is nm | % | Ses | se | SE | roe 
oy | aoe | is nB | ar | ‘sone | 2 | Gap) ae 
230 | 05454 | 1326 1208 || 28° 5 609 67767 | 1730 
1281 
233 | ro1sqz | 1365 set 3.) — °57806 33 72992, «1733 
4 "57223 576 "74756 1775 
5 "56647 67 "76531 1786 
28°6 0°56080 5 1°78317 7 
sin w sin? 4w cost}? 001638 
—"'sinZsint} 7 ~ sin /sin? 4 7 


J is given for the first of each month in Table 6. 
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TaBLE 13.— Factors F and f, sapiens to every tenth of a degree of I, for reduction and prediction of tides—Continued. 








I F (Mf) Diff J (Mf) Diff. I F (Mf) Diff. 
° ° 
18°3 1°60043 0°62486 23°3 1°0085 2 
"4 58368 ae 63144 oo 4 100040 ie 
3 56720 1622 63807 ee 3 0799238 810 
6 55098 1596 64475 ae 6 "98446 81 
7 53502 ii 65146 643 7 97664 ae 
8 51931 1545 65819 677 8 "96893 818 
18°9 50386 1521 496 679 23°9 "96131 Sor 
19°0 "48865 "67175 24°0 "95378 
ant) segehog ao 68543 68 2 93901 828 
"3 44443 as "69232 691 3 (93176 831 
4 43014 1407 69923 695 4 924 834 
19°5 "41607 "70618 24°5 91753 
6 "40222 +385 71315 697 6 "9105 5 eae 
"7 38858 ae 72016 Le "7 90365 a 
8 37515 ae "72720 ee 8 89683 843 
19°9 "36191 1303 °73427 709 24°9 "89010 846 
20°0 *34888 *74136 25°0 88344 
I "33604 ee 74848 16 I 87687 *49 
‘2 | 32339 «| | «128 75564 7 "2 87038 3 
3 "31093 a3 «| (776282 pt 3 86396 Bee 
4 29865 1210 °77003 724 4 85762 859 
20°5 "28655 77727 25°5 85135 
6 "27462 ae 78455 es 6 84515 ie 
"7 26287 ee 79185 3 "7 83903 Boe 
8 *25129 ; fi "79918 er 8 83298 Ben 
° 286 8 . 5 
“| en | Ot ee |) me 7 
‘2 “20659 ios “82878 bes ‘2 80947 a> 
3 | 195881 | soog | 78395 | pg | 3 | (80377 880 
4 5 1043 375 sea 4 79812 883 
21°5 "17470 85128 26 5 "79254 
6 16436 1034 36884 756 6 78702 884 
¥ “15416 aoe 86643 a? ” “78157 887 
“144II se ‘87404 eh 8 "77617 ie 
21°9 13419 978 88168 767 260°9 77 893 
22°0 *12441 "88935 27°O *76557 
I "11476 ae "89705 es I 76035 ace 
‘2 "10524 32 "9047 oe 2 "25519 
3 | 09585 Bae 91253 ee 5 75009 a 
‘4 "08659 O14 "92031 781 ‘4 74505 905 
22°5 "07745 "92812 27°5 74006 
% | 706843, | 92 | «93505 | 788 6 | 73512 oar 
"7 "05953 808 "94381 89 7 73024 aie 
8 “0507 857 -95170 cS 8 72541 se 
22°9 "04 856 95962 794 27°9 72063 916 
23°0 "03352 "96756 28-0 "71591 
a | 02508 844 "97553 hs I "71123 918 
*2 "01674 34 *98 . . 066 920 
822 353 803 : oe 922 
23°3 1°00852 812 0°99156 So 3 "70203 
5 ; : 925 
4 make 327 
; bane 
28% 06860 928 





i, __ sin? w cosé}: 0°15779. 
si ae sin? / sin? / 


J is given for the first of each month in Table 6. 
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TABLE 13.— Factors Fand f, corresponding to every tenth of a degree of I, for reduction and prediction of tides—Continued 





UNITED STATES COAST AND GEODETIC SURVEY. 








i F (Mm) Diff. Diff. I Diff. 7 (Mm) Diff. 
6 °o 
18°3 0°88 387 1°13139 23°3 1.01614 
"4 88550 te "12931 — 4 ag 01 361 253 
5 ‘88714 ‘6 “12722 eed 5 “01108 253 
6 88879 6 12513 ae 6 249 “0085 3 me 
7, ‘89046 (i 12302 "7 = 00597 oe 
8 "89214 e *12090 a 8 a8 00341 256 
18°9 89383 171 11878 214 23°9 28 1°00084 3b 
19°0 "89554 11664 240 0°99826 
I 89726 172 > | 1450 214 > 260 bios 259 
3 | goog | {7S | sror® | 2g 3 26 | «99648 | lea 
4 "90252 178 "10800 218 ‘4 269 "98786 262 
19°5 "90430 10582 24°5 
‘6 "90610 180 10363 wie 6 aii bevy 262 
7 | 90791 "10143 nse "7 ah 97998 
8 |  -90974 18S 09922 ee 8 aa 97734 Bee 
19°9 "91158 185 "09700 223 24°9 281 "97469 266 
20°0 °91343 *09477 25°0 9720 
‘tT | *91530 a 09253 a I 283 96936 oe. 
be 91719 191 09028 aah - 288 "96669 268 
3 "91910 H i "08802 66 3 290 -96401 269 
4 92102 193 08576 228 4 293 -96132 270 
20°5 "92295 08348 25°5 862 
7 |  -92687 a4! 07890 | 330 7 95320 | 37, 
8 92885 is 07660 aa 8 rin 95048 pln 
20'9 | 93085 ao 07429 a 259 ase 94775 pl 
210 "93286 6 . 
mak Xaeas 204 ps he ae ae 308 as 275 
at daaae 209 0625 236 316 ae 277 
210 9 237 + 319 934 277 
21°5 94320 *06022 26°5 93123 
6 |. 9453! ny "05785 238 6 aa “92845 sth 
7 | 94745 ais 05547 a6 7 ee 92566 pri 
Ore eee: 217 O57 240 Ph 330 "92287 280 
i 9 951577 219 05 241 2 9 333 *92007 281 
22°0 "95396 04826 27°0 91726 
95617 ae 04584 ae I 09356 335 91444 st 
‘2 95839 : 04341 oe: ‘2 -09695 339 ‘1162 = 
3 3 pe 098 ae 3 "10037 ote -90879 ar 
4 96290 228 03853 245 “4 10381 348 "90595 284 
22°5 96518 03608 27°5 *10729 "90311 
‘6 96748 me "03362 — "6 *11079 2 *g0026 285 
‘7 | — *96980 a “03115 248 7 11433 at ‘89740 287 
el au 236 618 249 a ee 300 ser 287 
229 97449 238 0261 250 27°9 12150 363 °89166 288 
230 97687 02368 28°0 "12513 *88878 
1 -97926 239 02118 a ‘1 -12880 367 -88590 288 
i= 98168 242 -01867 = 2 “13249 369 -88301 289 
233 oO 98411 243 1or614 53 3 °13622 373 *88011 picid 
‘5 14378 309 87429 . 
28°6 1°14761 3°3 0°87137 29 
(1 — ¢ sin® w) (1 — ¢ sin? 7) 0°75316 


f= tp 1 — } sin 7 1 —} sint 7 
/ is given for the first of each month in Table 6. 
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TABLE 14.—Factors (F) for reducing Mn, K,-+0,, and X to mean values. 


I, or inclination of orbit to equator. 








23° | 24° | 2 5° 26° | 27° 


1°006 | 3°012 | 1°0I19 | 1°026 1°029 

0°994 | 1°000 | 1°006 | r’or2 ] r°o1g | 1°026 1°029 
: 1°006 | 1°012 | 3r'018 | 1.025 1°028 

0°994 | 1°000 | 1°006 | 1°O1!r | I°0O17 | 1°023 1026 
0°995 | 1°000 ] 1°005 | I°o10 | r°or§ | 1°020 1°022 
0°996 | 1°000 | 1°004 } 1r°008 | 1°013 | 1°Or7 1'O19 
0°997 | I°000 | 1°003 | 1°007 ] rI°OIO | 1°O14 1016 
0°998 | 1°000 | 1°002 | 1°005 | 1°007 | I°orIO 1°O32 
0°999 | 1°000 | 1°00r | 31°003 | 1°004 | 1°005 1°006 


1-001 | 1°000 | 0°998 | 0°997 | 0°995 | 0°994 0°993 
1°004 | 0°999 | 0°994 | 0°989 | 0°984 | 0°979 | 0°977 





F(K,; +0,) 























| 1°168 |} 1°148 | 1°109 | 1°073 | 1°040 | I'oI0 | 0°982 | 0°955 | 0°931 | O°909 | 0°888 | 0°878 
F(X) 

X/= ov! 0°47 | o°89 | 1°16 | 1°38 | 1°54 | 1°68 | 1°80 1°86 
O'2 0°54 | o°61 0°73 | 0°83 | o'g! 0°98 1°04 1°09 1°14 1‘I9 ie 1°24 
0°3 0°86 | 0°88 | oor 0°94 | 0°97 0°99 rol 1°04 1°O§ 1°07 tC 1°09 
O°4 0°96 | 0°96 | 0°97 0°98 | 0°99 1°00 1°O! I°or 1°02 1°02 1°03 5°03 
0°5 1700 | 1°00 | 1°00 | 1°00 | 1°00 | 1°00 | 1°00 |} r°0O | 3°00 | 31°00 | £°00 1°00 

2°4066 X 
= , X)= =. X° 180°) = F(K,+0 X’ » 180°). 
P (Ki +1) = 54666 7(Ki) FF (0) F(X) = 5; cos (X * 180°) (K, +0,) cos (X/ * 180°) 


This table is based upon Tables 3, 13, 21, and ¢@ 3, 21, 50. 
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TABLE 15.—Aoceleration in HW and LW of a 


[The amplitude of the principal wave is taken as unity. ] 


LS | RS FS 
—_—— | 





LX ry 

a of 

ao ° 

8 . 

Ag 04 Oo 00 2 51 § 41 27 Ir 08 13 42 16 06 18 18 
% & 0°5 © 00 3 20 6 38 9 54 13 05 16 Io Ig 06 25 52 
oF 06 0 00 3 45 7 28 Ir 10 14 48 18 21 21 47 25 04 
2 o°7 © 00 407 8 13 12 18 16 Ig 20 18 24 11 27 57 
= o°8 0 00 4 27 8 53 13 18 17 4! 22 02 26 20 30 33 
a 0°9 0 00 4 44 9 28 14 12 18 54 23 36 28 16 32 53 
< ro 0 0O 5 00 10 00 15 00 20 00 25 00 30 00 35 00 
HW hase. ° ° o o °o o ° = : 
LW phase. 3 770 360 50 140 130 20 110 





—_—. 


+ i. ‘ the argument, or phase, of the subordinate component (8) at the time of HW and LW, respectively,of the principal component (4). 
y32 : 
ay pas 
tan acceleration in ca =% paass ; 

6 Be acs HW phase 
£t+ 733 LW phase 
(When 4 = a, this formula is exact.) If ¢ denote the time after the conspiring of A and B, § 17, then 

phase = (4 — a) ¢; 
=-2xnmforHwW, 


Bs 
743 sia 


TRaloe 





a22+1* for LW, 
ns being an integer denoting the number of high waters of A since the coincidence of the maxima of A and B. 


TaBLE 16.—Height of HW and LW fora 
[The amplitude of the principal wave is taken as unity. ] 





For high waters use the tabular values as given; but for low waters alter their signs. 
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toave due to another wave of equal speed. 
(The amplitude of the principal wave is taken as unity. ] 


100° 110° 120° 130° 140° 150° 160° 
280 290 joo 310 320 330 340° 











o f o 4 o 4 o f Oo 4 
o0°O oO OO Oo 0O oO 0O Oo 0CO Oo 0O 
ov! 5 13 441 3 59 3 08 2 10 
o°2 10 54 9 58 8 38 6 54 4 49 
0°3 17 00 15 54 14 03 II 27 8 08 
23 25 22 25 20 20 17 OF 12 22 


30 00 | 29 27 27 31 23 48 17 53 
36 35 | 36 48 35 31 31 59 25 12 
44 08 


Amplitude of subordinate 
| wave 
° 
mn 
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men NEN EE ey lee ee  ) ce eS ee 


When the to °P argument is used the tabular values are positive; when the bottom argument, they are negative. 


To express the acceleration in time, divide by a, the speed of the greater component. 


To find the acceleration when 6 is not exactly equal to a, multiply the tabular values by 4 


This acceleration is directly expressed in time by multiplying the tabular values by & 


tide composed of two waves of equal speed. 


[The amplitude of the principal wave is taken as unity.] 





ee fc is Fre ee ff cS fl gE | EE 


Amplitude of subordinate 
wave 
° 
wm 





{ When 4 is not exactly to 4, mean value = 1 + (tabular value — 1) s 









—— 


ape 


me ee 








When the top argument is used,the tabular values a 


* Note. ca. the argument, or phase, of the diurnal wave ( 
HW Phase--nr+4A-B* 





eee ee ee ee 







HW Phase. 360 350° 
W 


a ee ee es 





340° 330° 320° 310° 
170 160 150 140 130 120 110 100 20 





For high waters, use the tabular values as gi 


* S52 footnote , 


a 


sete 7+ RP censor 


“LUI } G/AW/AVA\\ia’ mV VAIVA\B 


180° 190° 200° 210 220° 230° 
360 350 340 330 320 310 300 
HW Phase. 


High water tnreguality curves terrrinate ur the left marg 


= = ee 
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TABLE 20.—Great tropic range and ite duration. 
[The amplitude of the semidiurna] wave is taken as unity. ] 


Elevation of great tropic HW > depression of great tropic LW. Depression of gt. tropic LW > elevation of gt. tropic HW. 


8 03 05 8 08 
rf 4°35! 4°612 4°813 4°947 5°O15 
8 10 8 11 8 12 8 12 8 12 
2of 4°500 4°772 4°978 5°17 5°187 
8 17 17 8 17 8 17 8 17 
ar{| 6st | 4932 | gag | 288 | 5360 
8 24 8 23 8 22 8 21 8 21 
; 4°805 5°093 rE 5°460 5°535 
224 8 31 | 8 28 3 27 | 8 26 | 8 26 
2 4°962 | 5256 “487 | 5°634 | 5°710 
: 2"3{ 8 38 8 34 3 31 8 31 8 30 
F . 5°121 5°421 5°652 5°808 5°886 
B= 244 8 45 8 40 8 37 8 35 8 34 
‘S 
: 5°282 | 5°589 "824 | 5°984 | 6°06 
3 2's { 8 53 | 8 45 Boat 8 39 $38 
& o6f| 5°445 | 5°757 | St997 | 6-160 | 6-2g1 
§ 2°64 9 OI 5! 8 46 8 44 8 42 
: 5°61! 5°927 6°170 6°337 6°420 
274 9 08 8 57 8 51 8 48 8 46 
2°8 { 5°780 6°097 6°345 6°514 6°600 
9 17 9 02 8 55 8 52 8 50 
; 5°951 6°274 | 6°522 | 6°692 | 6°779 
v91) oS |g or | 8°59 | 8 85 54 
‘ ef} 67125 6°446 6°700 6°875 6°959 
so{t 34 | 9 13 | 9 03 | 8 59 | 8 57 
‘ { 8-000 8-261 8°517 8-701 8°795 
: IZ 25 | 10 03 9 42 9 32 9 
5°0 { 1o"000 _ | 10°165 | 10°399 | 10°579 | 10°675 
12 25 10 43 | fo 11 9 58 9 §2 
16s { 20°000 | 20°037 | 20°146 | 20°289 | 20°387 
12 25 Ir 48 Ir 18 II OL Io 53 
HW phase, f] ot | er | met) eet 








The first value of each pair is the value of the great tropic range; the second, its duration in hours and minutes. 
This table assumes that d, = m,. 


See 3% 25, 37, and 53. 


252 UNITED STATES COAST AND GEODETIC SURVEY. 


TABLE 21.—Effects of various tidal componente upon the mean semirange of tide. “ 
[The amplitude of M, is taken as unity. ] 


Ampli- Semidiurnal components. Ampli- Diurnal components. 
tude of tude of 
subordi- es subordi- 
oneat’|| Ke | ta | Ne | S | mM | oe | om | & fpscccom Ki | oO | Po] Of 





a In ar ee mr are meen Ye i | ff | | 


0°02 || *OOOL | ‘OOO! | ‘OOO! | ‘OOO! {| ‘OOO! | ‘OOO! | ‘OOO! | ‘OOO! || O°C4 || “OOO! | ‘OOO! | ‘0001 | ‘OOO! 
0°04 |] "0004 | *0004 | ‘0004 | *0004 | *0004 | *0004 | ‘0004 | ‘0004 || 0°08 || ‘0004 | "0004 | ‘0004 baa 
0°06 || ‘0010 | ‘0009 | “0009 | ‘0010 | ‘000g | *0008 | ‘000g | ‘0009 || 0°12 || ‘oorO | ‘0008 | ‘coro | ° 

0°08 || ‘0017 | ‘0017 ; *OOI§ | ‘0017 | ‘oor7 | ‘oors | 0015 | ‘0016 || 9°16 |! 0017 | ‘oorg§ | *oor7 | *0O14 
: "0024 | °0027 | ‘0026 | °0023 | °0024 | ‘002§ || 0°20 || ‘0027 | ‘0023 | ‘0027 | ‘0021 
"0035 | *0039 " "0036 || 0°24 || *0039 | 0033 | °0038 | ‘0030 
"0047 | °0052 "0049 || 0°28 || *0053 | ‘0045 brett ‘0041 

. . “0069 . : 8 

0086 


0078 | °0087 “0081 || 0°36 || -0087 | °0075 


0°20 || ‘0108 "0096 | *O107 “O100 || 0°40 || ‘0108 | *0093 | ‘0106 
0°22 || ‘0130 "0116 | *0130 "O121 || 0°44 || ‘0130 | ‘orr2 | °0127 
0°24 || *O155 "0138 | ‘O154 "0144 |} 0°48 || *OF§5 | °0133 | ‘OISO 
0°26 "0162 | ‘or8I “0169 || 0°52 || ‘or82 | ‘0156 | °0176 
0°28 "0188 | 0210 “0196 || 0°56 || ‘o2rr | -or81 
0°30 "0216 | ‘0241 "0225 |} 0°60 || ‘0242 | °0208 
0°32 0274 "0256 || 0°64 |] ‘0276 | :0237 
0°34 "0310 "0289 || 0°68 |] ‘o3rr | ‘0268 
0°36 °0347 "0324 |} 9°72 || °0349 | °0300 
0°38 "0387 "0361 || 0°76 || °0389 | °0334 
0°40 70428 "0400 |] O°80 || *0431 | °0370 
0°42 "0472 "0441 || 0°84 |] °0475 | °0407 
0°44 "0518 70484 || 0°88 || ‘0521 | °0447 
0°46 "0567 "0529 || 0°92 || °0570 | °0488 
0°48 "0617 70576 || 0°96 || ‘0620 | °0532 
0°50 "0669 "0625 |} 1°00 0673 "0577 
1°04 || °0728 | :0624 
0°60 "0964 "0goo || 1°08 || °0785 | 0673 
0°70 *1312 "1225 |} ©°12 || °0845 | °0723 
0°80 "1715 *1600 |] 1°16 || *og06 | 0776 


"2169 *2025 || 1°20 || ‘0969 | °0831 
"2678 "2500 || 1°24 |] °1035 | °0887 
1°28 |] ‘1103 | ‘0945 


ie 





c? 
* Tabular value for component C = 3M, m,* 
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TABLE 22.— Value of 4 Mn when M,;=1. 


re ee ee ee 
e w e . e e 
8 


oe tse esse 
ee ee e # © e© 8&® e# © # @ 





This table, based upon Tables 1 and 21, is computed upon the assumption that the ratios between the diurnal components, 
the pure lunar semidiurnals, the solar semidiurnals (including luni-solar K,), are respectively constant for all stations; also 
that shallow water tides do not occur. 

On account of nonpredictable inequalities, the tabular values should be multiplied by about 1-02. 


TABLE 23.— Value of Mz; when 4 Mn =—1. 





0°0 0°9873 ‘| 0°9785 0°9634 0°9414 0°9116 0°8725 0°8221 0°7574 
o°2 0°9858 0°9770 0°9618 0°9396 0°9096 0°8702 0°8194 0°7542 
0°4 0°9814 0°9725 0°9572 0°9348 0°9045 0°8648 0°8136 0°7479 
0°6 0°9740 | 0°9650 | 0°9495 | 0°9269 | 0°8963 | 0°8562 | 0°8045 0°7382 
0°8 0°9635 0°9543 0°9386 | 0°9157 0°8847 0°8442 0°7919 0°7249 
1‘o 0°9497 0°9403 0°9243 O’90I1 0°8696 0°9286 0°7756 0°7077 
1°2 0.9322 0°9225 0°9062 0°8826 0°8506 0°8090 0'7552 0°6863 
1°4 0:9106 0°9006 0°8839 0°8598 0°8272 0°7849 0°7 302 0°6602 
1°6 0°8844 0°8740 0°8568 0°8321 0°7988 0°7557 0°7000 0°6288 

° . 0°7648 0°7207 0'6639 0°5913 
2°0 o'8151 0°8038 0°7854 0°7592 0°7242 0°6789 0°6208 0°5465 


2s | o-7175 | or7o49 | 0°6848 | 06566 | 0°6193 | 0°5710 | 0*5093 | 0°4304 


This table is Table 22 reverted. 
On account of nonpredictable inequalities, the tabular values should be divided by about 1-02. 
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TABLE 24.— Variation in lunitidal interval and mean semirange of tide, due to the phase wave composed of S; and jz 





Increase in mean Leseth of halt, tide due to S, and pz. 





Before spring tides. 


: 
+t++++++4+4+4+4+ 
00 DIAL DH ASV PS 


lunitidal f group. 
Time Mere ade ae 
da. hk. m. 
{ 0 oo o S./Mg 
Oo 06 gee 9 66 
Oo 12 — 18 a 
o 18 — 27 tf 
F I = o 35 Cr 
I — 44 s 
pir i2 —s52 
be} 1 18 — 61 es 
Ts 2 oo am 69 66 
1 2 06 —77 
& | 2 12 — 84 eA 
b=: 2 18 — 92 “6 
3 oo ies 98 66 
3 06 —105 " 
3 «+12 —Iil “ 
| 3 «18 —116 “ 
4 oO —120 ee 
4 00 —108 a 
| 3 18 —Il “ 
3 12 —til 6 
3 06 —122 ee 
. | 3 oo —125 6 
& | 2 18 —127 “6 
=] 2 12 —127. 
a} 2 06 —126 es 
%4 2 00 —123 “6 
e |! 18 —117 $s 
& I 12 — 109 = 
a I 06 pias, 99 66 
I oO — 84 a 
| o 18 — 67 ie 
Oo 12 — 47 a 
oO 06 = 24 C3 
© 00 fe) “ 
{ 0 oO oO es 
oO 06 + 24 66 
om | +47 “ 
o 18 + 67 6 
I oo + 84 66 
rs] I 06 + 99 “ec 
Ss] t 12 +109 te 
a} i 18 +117, 
$ {4 2 oOo +123 ee 
a | 2 06 +126 . 
2|2 +127 «6 
<| 2 18 +127“ 
| 3 oo | +125 « 
3 
| 3 
3 
4 
4 
3 
3 
3 
| 3 
2 
| 2 
2 
2 
I 
I 
I 
I 
oO 
fe) 
o 
oO 


In clearing tides of phase or semimenstrual height inequality, apply the tabulated values as they stand to the low waters, but 
alter their signs for the high waters. 

Spring and neap tides occur eee hours after syzygy and quadrature. 

This table is based upon Tables 1. 15, 16, and 21. 


TABLE 25.— Variation in moan semirange of tide due to the parallax wave composed of N;, Lz, and 2N. 


REPORT FOR 1894—PART II. 


255 





After perigean tides. 


Before midtime tides. 


After midtime tides. 


Before apogean tides. 


O00 0 =m mmnndNAND NW WW WWW NHAN HD mw OOO OO 


COCO mmmnNNDWWHW BWWWNNNKD wm OO 00 A 


Increase in mean semininge of tide due to Ny, Ls, 
and 3N. 
Length of half group. 


Increase in mean semirange of tide due to Ng, Ls, 
and 2N. 
Length of half group. 


o-—™ 


8 tides. 





12 tides. 


—_—_—_—_—""““ | a rrr mar rr err ee | ee 


+0'94 Ng +0°93 Ns 


+0°94 
+0°93 
+0'92 
+091 
+0°89 
+0°87 
+0°85 
+0°82 
+0°79 
+0°75 
+0°72 
+0°68 
0°64 
+-0°60 


+o'61 
+0.57 
+0°52 
+0°48 
+0°43 
+0°38 
+-0°33 
+0°28 
+0'2 
+or1 
+o'12 
+0°08 
+0°02 
—0°02 
—0°07 


—0°07 
ie 


+0°93 ‘ 
+0°93 
+09! 
-+o°9I 
0°89 
+0°87 
0°85 
+0°82 
+0°79 
+0°75 
+0°72 
-++0°68 
0°64 
+0°60 


+o°61 
+0°57 
+o°51 
+0°47 
+0°43 
+0°38 


fons 
+0°23 
+o'18 
+0o°12 
+0°08 


—o’ €¢ 
—o'76 * 
—o°76 *§ 
—o°76 * 


+0°85 Ne 
+0°84 « 


+o°82 “« 
-+0o°80 “ 
+0°79 “ 
+0°77 “ 
+0'76 « 
+0°73 * 
+0°70 6 
+0°67 « 
+0°64 66 
+o°61 “ 
+0'57 “ 


+0°57 * 
O53) 
+0°49 “ 
+045 * 
+0°40 66 
-+-0°36 “* 
+0°31 66 
+0°28 * 
+0°24 66 
+o° 20 ** 
+0°14 6 
-+0°10 $$ 
+0°04 66 
+o-o1 ‘5 
—0°0O4 ¢ 


—O0°04 é¢ 
—0°09 66 
—O°l3 66 
—o°16 * 
—o'2r * 
—0O°24 66 
—o°29 ‘* 
—O°32 66 
—0°37 66 
—o'4qr ¢ 
—o* 43 ce 
—o'46 66 
—0o°50 6<¢ 
—0'53 « 
—o'°56 * 


—0'54 
—0°57 * 
—o°60 6eé 
—o'°63 ii) 
—0°64 6<é 
—o°6s ‘ 
—o'67 * 
—o°70 ‘ 
—o°7E 
—O°72 ‘s 
—o'72 
—0'73 * 
073‘ 
—0'73 “ 
—0'73 * 


After apogean tides. 


After midtime tides. Pefore midtime tides. 


Before perigean tides. 


COC Om=mmmNNNHNWWWH WWWNNKNK OOOO AR 


OOOO = me mNNNNWWWH WWHWNNDKN DN | =| wt OO 0 OO 


—o'o7 “ 


+o° o2 *6 
+o: 08 66 
+o'12 *s 
+o'18 “« 
+o° 22 <6 
+o: 8 

+o" 133 

-++o° 3 6é 
+o: ‘43 66 
+o: 4 66 
+o §2 66 
40°57 « 
+0o°61 *“ 


-+o° 60 ‘5 
-+-o° 64 6é 
+o: 68 << 
+o: 72 66 
0°75 « 
+0°79 “ 
+082 ‘ 
+0o°85 ** 
+0°87 <«< 
+0°8 « 
+or9i « 
+or92 « 
40°93 « 
+094 « 
+094 « 


+o 33 
+0°38 
+0°43 
+0°47 
+0°51 
+0°57 
-+-0°6!1 


-+0°60 
+0°64 
+0°68 
+0°72 
+0°75 
+0°°79 
+0°82 
+0°85 
0°87 
+0°89 
+091 
+0°91 
+0°93 
+0°93 
-+-0°93 


—0°73 Ng 
—o0°73 * 

—0°73 66 
—0'73 “ 
—o'72 * 
—o°72 é¢ 
—o'71 * 
—0o°70 6¢ 
—0°67 66 
—o°6s5 ** 
—o'64 66 
—o’° 63 CT 3 
—o° 60 se 
—0'57 « 
—0°54 « 


—0°s6 
—0'53 “ 
—0o'50 ‘ 
—o'46 * 
—0'43 
—o'4l 66 
—0°37 6¢ 
—0°32 ‘ 
—0'29 6<é 
—O°24 66 
—o'2r “ 
—o'16 *§ 
—O°!3 6¢ 
—0O°09 66 
—O°04 66 


—o'°o4 ‘S 
+oror ‘“ 
+o0°04 “§ 
+o°10 ‘6 
+-o° 14 “ec 
+o° 20 6¢ 
+0'24 66 
+028 * 
-+-o° 31 6é 
+o: 36 6e 
-+-0°40 ‘6 
+o-45 “ 
-+0°49 ‘ 
+0°53 “ 
0°57 “ 


+0°57 ‘ 
+0o°61 ‘“ 
+0°64 « 
+0°67 ‘§ 
+0°70 * 
+0'73 “ 
+0°76 « 
+077 « 
+079 | 
+o° fo i 
+082 * 
+0°83 * 
40°84 « 
+0°85 *‘* 
+0°85 ‘§ 


In "In clearing tides of this inequality, apply the tabular values as they stand to the low waters, but alter their signs for the high tides of this inequality, apply the tabular values as they stand to the low waters, but alter their signs for the high 


waters. 


Perigean tides, apogean tides, ete., occur 


0'5 


This table is based upon Tables 1, 16, and 21. 


M,°—N,° 


hours after perigée, apogee, etc. 
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TABLE 26.—Effect of Q; upon the amplitude of O,. 


Resultant amp. Resultant amp. 
Time. Orang Q). Time. orend Q). 
1= 1. 1= 1. 
d, d. 

- fo I*Ig » (O o’81 
o 2, I 1°19 oo ji 0°81 
ah }2 1°18 g -y 2 0°83 

A (3 1°36 ¢ 13 0°86 

a (3 1°13 u (3 0°89 
ae 2 ras & 5 2 09 
‘eo |t 1°06 33 I o'9 
Ra io 1°02 Blo 0°02 
. o 1°02 2 ¢ ve) Ba 
o I 0°98 Oo. I I’ 
as 2 0°93 as 2 1°10 

E (3 0°89 &§ (3. 1°13 

> (3 0°86 ; (3 1°16 
x o, 2 0°83 E o, 2 1°18 
‘o Q\1 o'81 Se) 1°l9 
Rs lo o°81 alo 1°19 


This table is based upon Tables 1 and 16. 


TABLE 27.—Perturbations in K, due to QO. 


Increase in semi- Increase in sem- 
im Increase in K, tidal Ty Increase in K, tidal é 
Time. interval due to O). 5 ed on me. interval due to QO). fe 


COOOmMmmmNNNNYWWW WWWNNKN HD OOOO A, 
om 
& 
COCO = mm mMNNNNWWW WWWNHNHNDKD e000 A, 
te! 
& 


Before minimum declinational tides. After maximum declinational tides. 
Before maximum declinationaltides. After minimum declinational tides. 





K oO... 3° 
Maximum and minimum declinational tides occur aie hours after extreme and zero declination, provided K,° is 


decreased by the acceleration in K, due to P,, Table 31. See 3 67. 
This table is based upon Tables 1, 15, and 16. 







00 ON QH MNAPW DN = 


3210 
322°0 
323'0 
324°0 
324°9 


325°9 
326°9 
327°9 
328°9 
329°9 


330°9 
331°8 
332°8 


This table assumes that the value for January 1 is 280°6. 


S. Ex. 8, pt. 2 





TaBLF 28.— The speed which corresponds to a period of given kenge: 
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| Specs: | Time e ual | 











Length of half period. to one 
Per hour. | Per minute. gree: 
hm, | Mm, q ? | nt. 
10 00 600 | 18°000 0° 3000 3°333 
10 610 | 1£7°705 0°29051 3°389 
20 620 | 17°419 0°2903 3°445 
30 630 17°143 0°2857 3°500 
40 640 16°875 0°2813 3°556 
50 650 16°615 0°2769 3°611 
11 00 660 16° 364 0°2727 3°667 
10 | 670 16°119 0°2687 3°722 
20 680 15°882 0°2647 3°778 
30 690 15°652 | 0°2609 3°833 
40 700 15°429 0°2571 3°889 
50 710 19°20! 0°2535 3°945 
12 00 720 15°000 0°2500 4°000 
10 730° 14°795 0°2466 4°055 
20 740 14°595 5°2433 4°11! 
30 750 14°400 0°2400 4°167 
40 760 14°211 0°2 369 4°222 
50 | 770 14°026 0°2338 4°278 
13 00 780 13°846 | 0°2308 4333 
10 79° 13°671 0°2279 4° 389 
20 800 13°500 0°2250 4°444 
30 810 13°333 0'2222 4°500 
40 820 | 13°17! O°2195 4°555 
50 830 | 13°012 0°2169 4°61! 
14 00 840 |. 12°857 0°2143 4°667 


1 


TABLE 29.—The sun's mean longitude at Greenwich mean noon. 


WHWEREL Lhe 


17 











Apr May | June | July. Aug | Sept 
3° °] | ° °o 2. | fe] 
9°3 | 38'9 | 694 | 99° | 1296 | 160% 
10°3 39°9 70°4 100°0 130°6 161°! 
113 40°9 71°4 101°O 131°5 102°1 
12°3 41°8 72°4 102°0 132°5 163°1 
13°3 42°8 72°4 102°9 133°5 164°! 
14°2 43°8 74°4 103°9 134°5 165°0 
15°2 44'8 75°3 104°9 135°5 166°0 
16°2 45°8 76°3 105°9 136°5 167°0 
17°2 46°8 77°3 106°9 137°4 1680 
18°2 47°8 78°3 107°9 138°4 169°0 
19°2 48°7 79°3 | 1089 | 139°4 | 170°0 
20°2 49°7 80°3 109°8 140°4 170°9 
20°! §0°7 81°3 110°8 141°4 171°9 
22°! §1°7 82°2 111°8 142°4 172°9 
23°! §2°7 83°2 112°8 143°4 173°9 
24°1 53°7 84°2, | 113°8 | 144°3 | 174°9 
25"! 54°7 85°2 114'8 145°3 175°9 
26°1 55°7 86°2 115°8 146°3 176°9 
27°1 56°6 87°2 116°7 147°3 177°9 
28°0 §7°6 88:2 117°7 148°3 178°8 
29°0 58°6 89°1 118°7 149°3 179°8 
30°0 59°6 go"! 119°7 150°3 180°8 
31°0 60°6 gi‘ 120°7 151°2 181°8 
: 61°6 92°! [21°7 152°2 182°8 
62°5 93°! 122°7 153°2 183°8 
63°5 94°1 123°6 154°2 184°7 
64°5 Q5't | 124°6 | 1§5°2 | 185°7 
65°5 96°0 125°6 1§6°2 186°7 
66°5 97°0 126°6 157°2 187°7 
67°5 98°0 127°6 158°! 188°7 

68°5 128°6 159°! 
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Dec. 


249°8 
250°8 
251°8 
252°8 
253°7 


254°7 
255°7 
256°7 
257°7 
258°7 


259°7 
60 


2061°6 
262°6 
263°6 


264°6 
265°6 
266°6 
267°5 
268°5 


269°5 
270°5 
270°5 
272°5 
273°5 


274°5 
275°4 
276°4 
277°4 
278°4 
279°4 
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TABLE 30.—Approzimate equation of time at Greenwich mean noon. 


[To change apparent to mean time. ] 


Day Jan Feb Mar Apr May June July Aug Sept Oct. Nov Dec 
mM. Mm. m m mn Mm. Mm. m7. m. m. mm. mM. 
I + 38 | +13°38 | +12°5 | +3°9 —3°0 | —2°4 + 3°5 +6°! O’o | —10°3 | --16°3 | —10°8 
2 | + 42] +13°9 | +12°3| 436 | —31 | —2°3 | +37 | +60 | — 0-4 | —10°% | —16-3 | —10'5 
3 + 47 | +140] +12°1 | +3°3 52 21 +3°9 +6°0 | — 0°7 | —I0°9 | —16°3 | —10°0 
4 | + 5°2| +141 | +119] +3°0 | —3°3 —2°0 } +4’! +5°9 | — Wr | —11'2 | —16°3 | — 9°7 
5 | + 5:6 | +142 | fare7 | +28 | —3°4 | —1°8 | +43 | 45°38 | — 13 | —10e5 | —16°3 | — 9°3 
6 | + 61 | +143 | +404] +25 | —3°5 | —1-6 | tay | t5-7 | — 17] —118 | —16°3| — 8°8 
7 + 65 | +14°3 | +11°2 |] +2°2 —3°6 | —I1'4 +4°6 +5°6 | — 2°0| —12'1 | —16°2 | — 84 
8 | + 69 | +144] +110] +1°9 | —3°7 —I°3 +48 | +5°5 | — 2.4 | —12°4 | —16'2] — 8-0 
9 +73] +144 | +1077} +1°6 | —3°7 | —to | +4°9 | +5°3 | — 2°7 | —12°7 | —16°0| — 7°5 
10 +77) +14°4 | +104 | +1°3 | —3°8 | —o'9 | +5°0 | +5°2 | — 3:1 | —12°99] —16:0] — 771 
II + 81 | +14°4 | +10°2 | +1°o | —3°8 | —0'7 +5°2 | +51 | — 3°4] —13°2 | —15°9 | — 6°6 
12 + 85 | +14°4] + 9°99] +08 | —3°8 | —o'5 +5°3 +4°9 | — 3°7 | —13°5 |] —15°7 | — 61 
13 + 89 | +144] + 9°6 | +0°'5 mg 9, | O58 +5°5 +4°7 | — 41 | —13°7 | —15°6| — 5°7 
14 + 93] +144] + 93] +03 | —3°9 | —O'! +5 | +45 | — 44] —13°9] —15°3 |] — 5'2 
15 4- 9° | +1493} + 91 | +071 —3'9 | +02 57 +4°3 | — 48] —14°1 | —15°3| — 4°7 
16 +10°0 | +14°3 | + 87 | —o2 | —3°9 | +04 | +5°8 +4°1 | — 52) —14°4 | —I51 | — 4°2 
17 +10°3 | +14°2]) + 85 | —o'’5 —3°8 | +06 | +5°9 +3°9 | — 55 | —14°6| —14'9| — 3°79 
18 +10°6 |} +14°1 | + 8:2] —o'7 —3°8 | +08 +6:0 +37 | —5°9| —14°8 | —14°7| — 3°2 
Ig | +1099] +14°0} + 7°99] —o'9 | —3°8 | +10 | 461 | +4+3°5 | — 62] —14°9 | —14°5 | — 2°7 
20 +11°2 |] +13°9 | + 7°6] —Ir'1 —3°7 +1°2 +6°'1 +3°3 | — 66 | —15°1 | —14°3 | — 2°2 
21 +115 | +13°8 | + 7°93 | —13 —3°6 pi +6:2 +3°0 | — 6°99 | —15°3 | —I14°0 | — 1°7 
22 +11°8 | +13°7 | + 7°0 I's —3°6 +1°7 +6°2 +2°8 | — 7°93] —1§'4 | —13°7 | — 1°2 
23 | +121 | 4+13°5 | + 67] —1'7 | —3°5 | +19 | +672 | +2°5 | — 7°6| —15°6 | —13°5 | — 0°7 
24 | +12°3 | +13°4] + 64] —I°9 | —3'4 | +271 | +63 | +2°3 | — 8:0] —15°7 | —13'2 | — o-2 
25 +12°§ | +13°2 | + 6:0 | —2°1 —3°3 +2°3 +6°3 +2°0 | — 83 | —15°8} —12°9 | + 0°73 
26 +12°8 | +13°0 | + 5°8| —2°3 | —3°2 +2°5 +6°3 +17. | — 86] —15°9 | —12°%6|] + 07 
27 +13°0 | +12°9] + 5°5 | —2°4 —3Z'! +2°7 +6°3 +14 | — g'°o| —16°0 | —12°2 | + 1°2 
28 +$13°2 | +12°7 | + 5°2| —2°6 —3°O +3°0 +6°3 +1°2 | — 9°93 | —16°1 | —1I°g] + 1°7 
29 | +13°3} +12°5 | + 4°99) —2°7 | —2°9 |} +3°2 | +63 | +0°9 | — 9°6| —16°2 | —11°6} + 2°2 
30 +13°5 + 4°6| —2°’9 --2°7 +3°4 +6°2 +0°6 | —10°O | —16°2 | —11'2} + 29 
31 | +13°7 + 43 —2°6 +62 | +0°3 —16°3 + 3:2 


Sun’s mean longitude 
15 


Sun’s right ascension = right ascension of mean sun -++ equation of time. 


= right ascension of mean sun = sidereal time of mean noon. 
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TABLE 31.— Perturbations in K,, S;, due to the components P,, K., and T:. 






























































| 
Acceleration | Resultant amplitude. | 
Date. e 
ein ooas| aie In S,d In Sd | InSed ' K,and P, | S,andK | S,and solar K dT, 
. oO C 
a) ee? | ee be Smee yeaa eee Pee eee 
ee eee _ -—|- ——_ |__| 
° ° ° e | 
Jan. 1 — 52 | — 76 —-2°4 +o: , E314 76 0°92 1°06 
II — 9°9 —12°5 —3'9 —0'5 1°267 "82 0°94 1°06 
21 —13°8 —15§°2 —4'8 —1'o 1°197 "gO 0°96 1:06 
31 —17°'0 —15°6 —4'9 —I°5 ee Oa <o).; "99 0°99 1°05 
Feb. 10 —18°8 —14'1 —4'5 —1'g {| -0"993 1°08 1-02 1°05 
20 —18-7 —11°6 —3°7 —273. | 0885 1°16 1°05 104 
Mar. 2 —15°8 — 8:2 —2°6 —2°7 0°782 1°22 1°O7 1°03 
12 — 94 — 4°4 —1'4 —3'0 0°706 1°25 1°08 1°02 
22 — o's — 03 —Oo'! —3°2 | —0°676 1°27 1°09 1°O! 
Apr. I + 85 + 3°9 +1°2 —3'4 o'701 1°26 1°08 1°00 
II +15°4 + 78 +2°5 —3°4 | 0°772 1°23 1°07 0°99 
21 +18°6 44112 +-3°6 —33 || 0873 116 1°04 0°98 
May 1 +18°9 +14°0 4-4°4 —3f | 0°985 1°09 1°02 0°97 
II +17°3 +15°4 +4°9 —2°9 1*092 1°00 0°99 0°96 
21 +14°2 +15°4 +4°9 —2°5 1°188 °9! 0°96 0°96 
31 +10°2 tye +4'! —2°0 1°261 "82 0°94 0.95 
June to + 5'7 + 82 +2°6 —1"4 1°309 "76 0°92 0°95 
20 + 9°9 + 13 +0°4 —o'8 1°329 "73 o’g! 0°94 
30 — 4'0 — 5°6 —1°8 —O'3 1°321 "74 0°92 0°94 
July ro -— 87 115 —3°7 +0°4 1°282 "80 0°93 0°94 
20 —12°8 —14'6 —4°6 +1°o 1°217 88 0°9 0°94 
30 —16°3 —15°6 —5°‘O +1°6 1°13! 97 0'9 0°95 
Aug. 9 —18°6 —14°6 —4°7 +2'1 1‘028 1°06 1°O1 0°95 
19 —19'! —12°3 —3°9 +2°6 0°913 1°14 1°04 0°96 
29 —17°0 — 92 —2'9 +2°9 0°807 1°21 1°06 0°97 
Sept. 8 —11'7 ee i —1°8 +3°2 O°721 1°25 1°08 0°98 
18 ~—— 3°1 — 13 —O'4 +3°3 0°677 1°27 1°08 0°99 
28 + 6°4 + 2°8 +0o'9 +3°4 0°687 1°26 1°08 1*O0O 
Oct. 8 +14°0 + 6°% +2°2 +33 0°748 1°23 1°08 1°o1 
18 +18°2 +10°4 +3°3 +3°2 0°844 1°18 1°06 1°02 
28 +19°2 +4+13°3 +4°2 +3°0 0°956 Ie 1°03 1°03 
Nov. 7 +18°0 +15°2 +4°8 42°7 1065 1°03 1°00 1°03 
17 +15'! +15°4 +4°9 +2°3 1°165 °93 0°97 1°04 
27 FITZ +13°7 +4°4 +19 1°244 "84 0°95 1°05 
Dec. 7 + 7°0 + 97 +3°1 +14 1°299 "78 0°93 1°05 
17 + 2°2 + 3°3 +10 +0'7 1°327 73 0°92 1°09 
| 27 — 29 — 4'0 —1'2 +0°3 1°325 "74 0°92 1°06 
Jan. 6 “— 7°4 — 99 == 3:3 —Oo'2 1°295 79 | 0°92 1°06 
Modifica - Tabular Tabular Tabular Tabular (Tab. —1) | (Tab. — 1) Tabular Tabular 
tion of | value x value X value. value. x F(K)) x J (Ky) value. value. 
' tabular} (Kj). f(K,). 4 1=¢, or +1 
value for Ci 
long. of 
moon’s 
node. 


* i.e. K,’ or the K, for the given year. 


For the acceleration in S, due to lunar K,, use the tabular value multiplied by [/(Kz) —0°317]. 
This table is based upon Tables 1, 15, 16, and 29. 
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Jan. 


Feb. 


Apr. 


May 


June 


July 


Aug. 


Oct. 


Nov. 
Dec. 


Jan. 
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TABLE 32.—Factor F, for clearing D, of the effects of the longitude of the moon’s node and of P,. 


—_———_— | ee Oe 


0°963 
0°988 
1-030 
1‘OgI 
1°172 
1°270 


1°373 
1°463 
1°499 
1°468 
1°384 
1°280 


1-181 
1°I00 
1°036 
0'991 
0°965 
0°954 
0°958 


0:980 
1‘O17 
1°072 
1°146 
1°243 
1°346 


1°443 
1°499 
1487 
1-412 
1°309 
1*205 


I'119g 
1‘050 
1-001 
0°970 
0°955 
0°956 
0:976 


0°949 
0°974 
1014 
1-073 
IIS 
1°245 


1°345 
1°43! 
1°466 
1°436 
1°356 
1°256 


1161 


1°082 | 


1-019 
0°977 
0°95! 
0°94! 
0°944 


0°965 
1°002 


1°055 
1°127 


1219 


1°319 


1°412 
1°465 
1°454 
1°382 
1°283 
1°184 


1°100 
1°033 
0:986 
0°956 
0°94! 
0°942 
0:962 





0°923 
0°946 
0°983 
1°03 

I°rr2 
1°200 


1°293 
1°371 
1°404 
1°376 
1°302 
1°209 


I°r21 
1°048 
0-989 
0°949 
0°925 
o'915 
0918 


0°972 
1°022 
1°0g0 
1°176 
1°268 


1°354 
1°403 
1°392 
1°326 
1°235 
1°142 


1°065 
1002 
0°957 
0°929 
O'915 
0°916 
0°934 


0938 


2°4066 


/, or inclination of orbit to equator. 





ve) He 
0°904 
0:89! 
0°892 
0908 


~~ &y 14066 (Ki) + F (Oi) 


This table is based on Tables 13 and 31. 


22° 


— _ 


¥‘OOI 
0°946 

0'906 
0°880 
0°868 


0°869 
0°884 


fF, x observed D, == K, + O,. 





23° 


0853 
0°872 
0°905 
0°95! 
1°O12 
1-084 


I°159 
1°223 
1°248 
1°226 
1°167 


1-093 


1°020 
0°959 
o'gI10 
0°875 
0°854 
0°846 
0849 


0:866 
0°895 
0°937 
0°994 
1°065 
1*140 


1209 
1°248 
1°240 
1°187 
I°1l3 


1°037 


0°973 
0°920 
0°883 
0°858 
0°846 
0-847 
0°862 


f 


| 


0°833 
0-851 
0-882 
0'926 
0°984 
1052 


1°122 
1°182 
1°205 
1°185 
1°130 
1°059 


0°99! 
0°933 
0886 
0°854 
0°834 
0°826 


0°829 


0°845 
0°873 
O°913 
0:966 
1°033 
I°l04 


1:169 
1°205 
1°197 
1°148 


1°079 
1-008 


0°946 
0°896 
0861 
0°838 
0°826 
0°827 
0°842 


25° =| Ss 26° 
0°814 | 0°796 
0°831 | 0°813 
0°861 0°84! 
0°903 | 0°881 
0°958 | 0°933 
1°022 | 0°994 
1088 {| 1°057 
1144 | I°109 
1-166 1*130 
1°147 1°12 
1095 | 1°063 
1°029 | 1:000 
0°964 | 0°940 
0°909 | 0°887 
0865 | 0°845 
0°833 | o°815 
0°815 | 0°797 
0°808 | 0'790 
0-810 | 0°793 
0°825 | 0°807 
0°852 | 0°833 
0-890 | 0°869 
O94 | 0°917 
1:00§ | 0°977 
1°07! 1°040 
1°132 1°098 
1-166 1°30 
Irsg | 1°123 
1°12 1°079 
1°O47 1-018 
0-980 | 0°954 
0'922 | 0°899 
0°874 | 0°855 
0°84! 0°822 
0°818 | o°801 
0°808 | 0790 
0°809 | 0791 
0°822 0°804 








0°779 
0°795 
0°822 
o'861 
o’9OI! 
0°968 


1'028 
1°077 
1 °097 

1'080 
1°034 
0°974 


0916 
0°866 
0°826 
0-798 
0'780 
0°773 
0°776 


0°790 
oO'815 
0°850 
0°895 


0°953 | 


1013 


1:066 
1°097 
1°09gI 
1°050 
O°991 
0'931 


0°878 
0°836 
0°804 
0°784 
0°774 


0°775 
0°787 


0-764 
0°779 
0°805 
0'842 
0°889 
0°945 


1°OOI 
1°047 
1°067 
1°050 
1007 
0'951 


0°895 
0°848 
0809 
0°782 
0°765 
0°758 
o0'761 


0°774 
0-798 
0°832 
0°875 
0°930 
0:987 


1038 
1°066 
1°060 
1°O21 
0°967 
0°909 


0°858 
0°818 
0°788 
0°768 
0°759 
0°760 
0-772 


1:02 F, X observed D, = D),. 


0°933 


0-989 
1034 
1°05§2 
I 037 


0°939 


0°885 
0°839 
o°801 
0°774 
0°758 
0°75! 
0°754 


0°767 
0°790 
0°823 
0°866 
o°919 
0°974 


1024 
1052 
1°046 
1°008 


0°955 
0°898 


0-849 
0°809 
oc 

0°76! 
0°752 
0'752 
0°764 
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TABLE 33.—Faotor F, for clearing 8, of Ky and T;. 





/, or inclination of orbit to equator. 


Date. = Ss a7 
183° 19° 20° ar1° 22° 23° 
Jan. 1 114 Irs 1°16 1°18 I‘19 1°20 
I 1-08 1°09 1°10 IIo ee | 1°12 
21 1-02 1-02 1'02 1°03 1:03 1°04 
31 "96 "96 "96 96 96 96 
Feb. 10 go “gO “90 89 89 89 
20 86 86 85 85 84 84 
Mar. 2 83 83 83 ‘82 82 81 
12 83 82 "82 “81 80 79 
22 83 82 “81 ‘80 79 79 
Apr. I 83 83 "83 ‘82 81 80 
II 86 86 “85 84 83 82 
21 gI g! "gO "89 89 88 
May ! "96 "96 “96 "95 "95 "95 : 
II 1°04 1°04 1'O4 1°04 1°04 1°04 I: 
21 I‘I2 1°12 1°13 1°13 I'l4 1'l4 I° I° 
31 1°23 1°24 1°25 1°26 1°27 1°28 I° I° 
June to 1°30 1°31 1°33 1°35 1°37 1°39 1° I 
20 1°35 1°37 1°39 1°41 1°44 1°47 I- 
30 1°34 1°35 1°37 1°39 1°42 1°45 I° I° 
July 10 1°26 1'27 1°28 1°30 1°32 1°34 1°47 
20 1°17 1°18 I'lg I-Ig 1°20 1°22 I: I° 
30 1°07 1°07 1°08 1-08 1°08 1°09 I° 1° 
Aug. 9 1°0O 1-00 1°00 1:00 1°00 "99 ; : 
19 94 "93 "93 "93 "92 "92 
29 88 88 88 87 86 85 
Sept. 8 85 "85 84 84 83 82 
18 84 "83 "83 82 81 "80 
28 83 "83 83 ‘82 81 ‘80 
Oct. 8 85 84 83 83 82 “81 
18 86 86 86 85 85 "84 
28 go 89 “89 89 88 88 
Nov. 7 "95 "95 "95 "95 "95 94 
17 1‘O! 1'o! 1°02 1°02 1-02 1°03 
27 1°07 1-08 1°09 1°09 1°10 I°rl 
Dec. 7 1°13 1°14 1°15 1°16 1°18 I'Ig 
17 1°16 1°f8 I‘1g 1°21 1°23 | 1°25 
27 1°16 1°17 1°18 I‘Ig I'2r .; 1°23 
Jan. 6 Il I'll 1°12 1°14 1°IS | 1°16 





—— —_—— + 





This table is based upon Tables 13 and 31. 
TABLE 34.—Hffect of v, upon the amplitude of N;. 


Apparent time of Apparent time of 


’ Resultant : 
mremereRBeno” | ampltade Ns || ee BERET oT | ampitade Ny 
D in perigee or parity D in perigee or Pept § 
apogee. 2! apogee. 7) 
kA. hom hw he om, | 
oO, 12 OO ) Bd fe) 6, 18 oo 
20 1-Ig 20 
40 1°18 40 
I, 13 00O iy. 7, 19 OO 
20 1°16 20 
40 1°14 40 
2, 14 OO rel 8, 20 oo 
20 1°08 20 
40 1°05 40 
3, 15 oO 1°02 9, 21 00 
20 0°99 20 
40 0°95 40 
4, 16 oo 0°92 10, 22 ©O 
20 0°89 20 
40 0°86 40 
5, 17 00 0°84 II, 23 00 
20 0°82 20 
40 0°81 40 





This table is based upon Tables 1 and 16. 
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TABLE 35.—Group factors. 


For phase reduction. 





Number of tides 


before or after before or after Factor 
greatest and least moon's extreme aie 
declination. : 


ects. 





This table is based upon Tables 1 and 16. 


Number of Number of tides after springs or neaps. 
tid@s Delores 0 sn a as 
springs or 
neaps. ° 2 4 6 8 10 12 
oO 1‘00 Ero) | 1°03 1°O7 1°13 1°22 1°34 
5 | 2 1‘oI ‘Ol 1°02 1-06 Ie 1°18 1°29 
| 4 1°03 1-02 1°03 1°05 i Ce) 1°16 1°25 
a+ 6 1‘O7 106 1°05 1:07 Intl 1°16 1°24 
= | 8 1°13 reir 1°10 rent 1°13 118 1°25 
fF | to 1°22 1°18 1°16 1°16 1°18 1°22 1°28 
12 1°34 1°29 1°25 1°24 1°25 1-28 1°34 
( oO 1-00 1-0! 103 1°07 1°14 1°23 1°35 
5 | 2 I‘ol 1-O! 1°03 1°06 Vul 1°19 1°30 
n | 4 1°03 1°03 1°03 1:06 1°10 1°17 1°26 
ay 6 1°07 1:06 1:06 1°08 Int 1°17 1°25 
a | 8 1°14 rer! I‘10 rrr 1°14 I'19 1°26 
gy | 10 1°23 1°19 1°17 1°17 1°19 1°23 1°29 
12 1°35 1°30 1°26 1°25 1°26 1°29 1°35 
fe) 1°00 1°O1 1°03 1°08 1°14 1°24 1°37 
5 2 1°O! 1°O! 1°03 1°06 1°12 1°20 1°31! 
1 | 4 1°03 1°03 1°03 1°06 IVnl 1°18 1°27 
ay 6 1°08 1°06 1°06 1°08 1°12 1°17 1°26 
=| 8 1°14 1°12 Ir "12 11s I"Ig 1°27 
yw | 10 1°24 1°20 1°18 I'l7 I'tg 1°24 1°30 
12 1°37 1°31 1°27 1°26 1°27 1°30 1°37 
fe) 1°00 1°Ol 1°04 109 1°16 I°2 1°39 
5 | 2 1‘O1 1-ol 1°03 1‘O7 1°13 1°21 1°33 
| 4 1°04 1°03 1°04 1°07 1°12 I'lg 1°29 
a4 6 1°09 1°07 1°07 1:09 1°13 1°19 1°27 
=| 8 1°16 1°13 1°12 1°13 1°16 121 1°29 
ae E 1°25 1°21 I'Ig I'tg 1°21 1°25 1°32 
12 1°39 1°33 1°29 1°27 1°29 1°32 1°39 
For parallax reduction. For declinational reduction. 


fe 


Number of tides 





wt 
’ 
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TABLE 36.—Shallow-water components. 


[Terms from y”. ] 
SEMIDIURNAL COMPONENTS. 
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Tern oeuent : aapHuide. Speed Argument Primitive epoch. 
K,K,) K, ¥K? k, +k,=k, | 30°0821372 2 arg K, 2K,° 
K,O;) M, K,O, k, +0, =m, | 28°9841042 arg K, + arg O, K,° + O,° 
K,P,) S, K.P; k,+ p:=8, | 30°0000000 arg K, + arg P, K,° + P,° 

Oe} O, ¥%O;? o,+0,=0, | 27°8860712 2 arg O, 20,° 
(O,P, O,P, 0O:+ Pp: 28°9019670 arg O, + arg P, O,° + P,° 
(P;P;) r, wP? P:+p:=Pps | 29°9178628 2 arg P, 2P,° 
COMPONENTS OF LONG PERIOD. 
¥K? k, —k, =o oO fe) re) 
K,O, k, — o, = mf 1°0980330 arg K, — arg O, K,° — O,° 
K,P, k,— pr =ssa | 0°0821372 arg K, — arg P, K,° — P,° 
| O,~0O,) ¥%0,? 0; — 0, =0 oO o re) 
O.~P,) MSf O.P, pP:— 0,=msf | 1°0158958 arg P, — arg O, P,° — Q,° 
(Pi~P,) P?? pP:— pr =o oO fe) O 





M,ZP, MP, 
(S.K;) S.K, 
tee S.0; 
S,P; SP, 
INO) NK, 
N,O, NO; 
N,P; N2P; 
Fas K, K,K, 
K,O, MK K,O, 
K,P, K,P, 
LK, LK, 
L,O: L,O; 
LP, InP; 





M.K,) MK |. M.K, 
M,O! 2MK MO, 


TERDIURNAL COMPONENTS. 


mM, + Pr 


s, + k, 
S, + 0; 
S, + Ps 


n, +k, 
Ng + O; 
n.+ px 


3k, 
k, + 0, = mk 
k, + Px 


+k, 
1, +0, 
l,+ pr 


m, +k, = mk | 44°0251728 
mM, + 0; 


42°9271398 
43°9430356 


45°04 10686 
43°9430356 
44°9589314 


434807982 
42°3827652 


43°3986610 


45°1232058 
44°0251728 
45°0410686 


44°5695474 
43°4715144 
44°4874102 


arg M, +- arg K, 


arg M, + arg O, 
arg M, + arg P, 


arg S. + arg K, 
arg S, + arg O, 
arg S, + arg P, 


arg N, + arg K, 


arg N, + arg O, 
arg N, + arg P, 


3 arg K, 
arg K, + arg O, 
arg K, + arg P, 


arg L, + arg K, 
arg L,+ arg O, 
arg L, + arg P, 





DIURNAL COMPONENTS. 











M,~ K, ) O, MK, 

| M, os O; ) z M,O, 
M.~ P, ) M,P, 
Ss id K, ) P, S.K, 
S.~0O,) S,0, 
S. Sad P, ) K, S,P: 
Nz iat K, ) QO: : N3K,; 

| N.~ O, (M,] N,O, 
N2P,; 

K, K,K, 

K,0O, 

K.P, 

LK, 

J: LO, 

LP, 





m, — k,= O; 
m, —0,=k, 
m, — Pp: 

s, —k, =p; 
S, — O; 

Ss, — p: =k, 
n, —k,= t 


For a description of this table, see 3 48, Part II. 


13°9430356 
15 0410686 
14°0251728 


14°9589314 
16°0569644 
15°0410686 


15°0410686 
16°1391016 
15°1232058 


14°4874102 
15°5854432 
14°5695474 


arg M, — arg K, 


arg M, — arg O, 
arg M, — arg P, 
arg S, — arg K, 
arg S, — arg O, 
arg S. — arg P, 
arg N, — arg K, 
arg N, — arg O, 
arg N, — arg P, 
arg K, — arg K, 
arg K, — arg O, 
arg K, — arg P, 
arg L, — arg K, 
arg L, — arg O, 
arg L. — arg P, 


M,° — K,° 
M,° ace O,° 

a° — PY 
S.° — K,° 
S.° — O,° 
S,° a P,° 

a, ee K,° 
N,° emoas O,° 
N,° — P,° 

Pu, — K,° 
K.° ae O,° 

a = P,° 
L.° pos K,° 
L.° an O,° 
p pees P,° 


For sake of clearness we have supposed (48) to denote a component whose speed is a+ 6, and (4~B) a 


component whose speed is a~5. 
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TABLE 36.—Shallow-water components—Continued. 


[Terms from y”?. ] 


QUARTER-DIURNAL COMPONENTS. 








vee seet peel ret Speed Argument. Primitive epoch. 
M, %M.?” + im-+m,—=m, | 57°9682084 2 arg M, 2 M,.° 
MS M.S, m,-+ s, 58°9841042 arg M, + arg S, M,° + S.° 
MN M,N, m, + nzs= mn | 57°4238338 arg M. + arg Nz M.° + N,° 
MK, m, + k, 59°0662414 arg M, + arg K, M.° + K,° 
M.L. m,-+ 1, 5§8°5125830 arg M,-+ arg L, M,° + L,° 
S, % S? S. + 8=s8, | 60°0000000 2 arg S, 2:S.° 
S.Nz S,-+ nz 58°4397296 arg S, + arg N, S.° + N,° 
R, S.K, S-+k,= Y, 60°0821372 arg S.+ arg K, S.° +- K.° 
S.L. S +1, 59°5284788 arg S, + arg Lp S.°+ L.° 
N, % Nz? n2+n,=—n, | §6°8794592 2 arg Nz 2 N,° 
NK, n, + k, 58°5218668 arg N,-+ arg K, N,° + K,° 
N,L. n,+1, 57°9682084 arg N. -+ arg L. N,° + L.° 
K, yy Ke? k,+ k,=k, | 60°1642744 2 arg K, 2 K,° 
K, k,+ 1, 59°6106160 arg K, + arg L, K,° + L.° 
L, % L,? 1L+hL=1, | 59°0569576 2 arg Le 2212° 
COMPONENTS OF LONG PERIOD. 
(M, ~ M.) ¥%yM2 |m,—m,=—0o fo) fe) O 
M, ~ S,) MSf M, Ss, —m,=—msf| 1°01§8958 arg S, — arg M, S,° — M,° 
M, ~ N,) Mm M,N. m,—Nn,==mm] 0°5443746 arg M, — arg N. M.° — N.° 
Mz ~ K,) Mf M.K, m,—k,=mf | _ 1°0980330 arg M, — arg K. M,° — K,° 
Mz ~ Le) Mm ML. l—m,=mm| 0'°5443746 arg L, — arg M, L.° — M,.° 
S. ~ S.) % S? S, — S,=0 fe) fe) te) 
S. ~ N,2) S.N, Ss — Nn, 1°5602704 arg S, — arg N, S.° -- N,° 
S. ~ K,) Ssa S.K, k, — S,=ssa | 0°0821372 arg K, — arg S, K,° — S.° 
S. ~ L.) S.L, s,— 1, 0°4715212 arg S, — arg L, S.° — L.° 
ee % N.? nz ~ nz =o oO fe) O 
N, ~ K, N.K, | ks—n, 1°6424076 arg K, — arg Nz K.° — N,° 
(N2 ~ Le) K,L. | lL—n, 1°0887492 arg L,. — arg Nz L.° — N,° 
oem y K;? etme O O Oo 
Kz ~ L.) Kali k, — 1, 0°5536584 arg K, — arg L, K,° — L,° 
(Ll. ~ L.) % 1? 1, —1,=0 Oo Oo ) 
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TABLE 36.—Shallow-water componente—Continued. 


[Terms from y’3 or y’ x y/?.] 


ONE-SIXTH-DIURNAL COMPONENTS. 
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Primitive 





Designation of component. amplitude. Speed. Argument. Primitive epoch. 
(M,M.M,) Me M3 3m,—=m, | 86°9523126 3 arg M, 3 M.° 
(M,M.S.) M,?5. 2m,+s, 87°9682084 2 arg M,-+ arg S, 2 M,° + S.° 

M,M,N,) M,N, | 2mton, 86°4079380 2 arg M, + arg N, 2 M.° + N.° 
M.M.K,) M,?K, 2m,+k, 88°0503456 2 arg M, + arg K, 2 M,° + K,° 
(SM M,?L, ; 2m,+1, 87°4966872 2 arg M,+ arg L, 2M,°+ L° 
| 
(M.S.S, ) 4 M.S. | 28,+m, 88-984 1042 2 arg S, + arg M, M,’+ 2S,° 
M.S.N;) M,S2N2 | M2+8,-+ n, | 87°4238338 arg M, + arg S, + arg N, M,° + S,° + N,° 
MeK | M:S.K, | m,+s,+ k, | 89°0662414 arg M, + arg S,-+ arg K, M,° + S.° + K,° 
(M,S.L,) . M,52L2 m,+s,+1, | 88°5125830 | arg M, + arg S, + arg L, M.° + S,° + L.° 
(S.M.M,) 4S.M,? 2m,+s, 87°9682084 2 arg M, +-arg S, 2 M,° + S,° 
(S,M.S. ) M,S,? m,+ 2S, 88°9541042 arg M,+ 2 arg S, M,° -+ 2 S,° 
(S,M.N,) M.S,N, | m, +S,-+n, | 87°4238338 | arg M,-+arg S, + arg N, M,° -| S.° + N2° 
(S.M. K,) M,S.K, m, -+ s,-+ k, | 89°0662414 arg M, + arg S, + arg K, M.° + S.° + K,° 
(S.M,L2) M,S?La | m,4-s, +1, | 88°5125830 | arg M,+ arg S,+ arg La M,° + S.° -+ L.° 
(S.S.S,) Se 4S | ~3.8:=8s | go’0000000 3 arg S, 3 S,° 
S,S.N,) S 2"Nz 2S, +N, 88°4397296 2 arg S, + arg N, 28.°+N,° 
eer) $S7K 2s,+k, 90°0821372 2 arg S.+ arg K, 2S8.° + K,° 
(S.S.L,) SL, 2s,+1 89°5284788 2 arg S, + arg L, 2$,° + L° 
SEMIDIURNAL COMPONENTS. 
M,~M.M,) M, YM;3 m, 28°9841042 arg M, M,° 
M,~ M.S.) S. M,7S, Ss 30°0000000 arg S. S.° 
M,~M.N,) N, M,7N, nz 28°4397296 arg N, N.° 
(M.~M,K,) K, Ho k, 30°0821372 arg K, K,° 
(M,~M,L,) L, M,?L, 1, 29°5284788 arg L. L° 
M.~S.S,) 2SM M.S? 2S, —m, 310158958 2 arg S, — arg M, 2S.° — M.° 
M.~S.Nz) A, M.S:N, |S:+-Na—m,=A,| 29°4556254 | arg S,+arg N.—argM, | S.°+N,°— M,° 
M.~S.K,) M,S.K, s,+k,—m, | 31°0980330 , arg S,+ arg K, — arg M, S.° + K,° — M,° 
M,~S,.L.) M.S,L. S+l—m. | 30°5443746 | arg S,-+ arg L, —arg M, S2° + L.° — M.° 
S.~M.M,.) | 2 MS ¥4S.M,? | 2 M,—S,={, | 27°9682084 2 arg M, — og S, 2 M,° — S.° 
aera M.S, m, 28°984 1042 arg M M,° 
S.~ M,N.) M.S.N, : m,-+n,—s, | 27°4238338 | arg M,-+ arg N, — arg S, M.° + N.° — S,° 
S,.~M.K,z) M.S.K, m,+k,—s, | 29°0662414 arg M, + arg K, — arg S, M,° + K,° — §.° 
S.~M.L.) Vv, M.S.L. |m.+1—s,=yv,! 28°5125830 arg M, + arg K, — arg S, M.° + L.° — S.° 
S.~5.S, ) S. 483 S3 30°0000000 arg S, s.° 
S,~S.N,) Nz S.7N, n, 28°4397296 arg N. N.° 
S.~S.K,) K, S.7K, k, ! 30°0821372 arg K, K.° 
S,.~S,L.) Ls S.?L. l, 29°5284788 arg La 12° 





{Terms from y“4 or y’ K y’3.] 
ONE-EIGHTH-DIURNAL COMPONENTS. 


(M.Me) Me y% M.S 4™m,=—mg_ [115°9364168 4 arg M, 4 M,° 
(M_S¢) % M,S,3 3S +m, |118°9841042 3 arg S. + arg M, 3 S.° + M.° 
(S2Mo) 4 S.M.3 3m™,+8, |116°9523126 3 arg M, + arg S, 3M.°+S.° | 
(S2S¢) Ss ¥% SS 4 S,=Sg _|120°0000000 4 arg S, 4$8.° | 
QUARTER-DIURNAL COMPONENTS. 

| M.~ Me) M ie M.4 2m,=m 57°9682084 2 arg M, 2 M,° 

| tM S.) , ¥% M,2S,3 3% — tly 61°0158958 3 arg S, — arg M, 38.°—M,° | 
(S.~ Me) ¥% S.M,3 3m,—S, 56°9523126 3 arg M, — arg S, 3 M.° — S.° 
(S.~Ss) | §, ¥% Ss 25,=3, 60°0000000 2 arg S, 2S,° 

| 
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TABLE 37.—The theoretical amplitudes of some of the more important components for every 5 degrees of latitude. 
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A cos? A sin 2A j—gsinta | M, N, | Sa K, O; P, | Mf 
Feet. Feel. | Feet. Feet. Feet. Feet. | Feet. 
0°0000 0°0000 | —I1°0000 ; 0000 | 0°000 ; 0'000 0°000 0°000 0000 | —0°138 
0°0076 0°1736 | —0°9886 | 0°006 | O’oor | 0'003 | +0°081 | +0°058 | +0°027 | -0°136 
0°03QI1 0°3420 | —0°9548 | 0°024 | O°005 | O’OII | 4-0°160 | +0°114 | +0°053 | —0°132 
0°0670 0°§000 | —0°8995 | 0°054 | O'OIO | 0°025 | +0°233 | +0°166 | +0°077 | --0°124 
O°II7O0 0°6428 | —0°8245 | 07094 | 0’018 | 0'044 | +0°300 | +0°213 | +0°099 | —O'114 
0°1786 0°7660 | —0°7321 | 0°143 | 0°028 | 0°066 | +0°358 | +0°254 | +0°118 | —ovlor 
0°2500 0°8660 | —0°6250 | 0°200 | 0°039 | 0°093 | +0°404 | +-0°287 | +0°134 | —0°086 
0°3290 0°9397 | —0'5065 | 0°263 | O°051 | O°122 | +0°439 | +0°312 | +0°145 | —0°070 
0°4132 0°9848 | —0°3802 | 0°330 | 0°064 | 0°154 | +0°460 | +0°327 | +0°152 | --0°052 
0°5000 1°0000 | —0*2500 | 0°400 | 0°077 | 0°186 | -+0°467 | +0°332 | +0°154 | —0°034 
0°5868 0°9848 | —o'1198 | 0°469 | o’og1 | 0°218 | +0°460 | +0°327 | +0°1524 —o'OI7 
o0°6711 0°9397 +0°0066 | 0°537 | O°104 | 0'250 | +0°439 | +0°312 | +0°145 | -++o'00r 
0°7500 0°8660 | -+0°1250 | 0°600 | 0°116 | 0°279 | +0°404 | +0°287 | +0°134 | +0°017 
o°8214 0°7660 | -+0°2321 | 0°657 | 0°127 | 0°306 | +0°358 | +0°254 | +0'118 | +0°032 
0°8830 0°6428 | +0°3245 | 0°706 | 0°137 | 0°329 | +0°300 | +0°213 | +0°099 | +0°045 
0°9330 0°5000 | +0°3995 | 0°746 | 07145 | 0°347 | +:0°233 | +0°166 | +0°077 | +0°055 
0°9698 0°3420 | +0°4547 | 0°776 | o°150 | 0°361 | +0°160 | +0°114 | +0°053 | +0°063 
0°9924 0°1736 | +0°4886 | 0°794 | 0°154 | 0°369 | +0°081 | +0°058 | +0°027 | +0°067 
I°0000 070000 | -++0°5000 | 0°800 | 0°155 | 0°372 | +0°000 | +0°000 | +0’000 | -+0°069 
0°9924 | —0'1736 | -+0°4886 | 0°794 | 0°154 | 0°369 | —o’o8I | —o'058 | —0°027 | +0°067 
0°9698 | —0'3420 | +0°4547 | 0°776 | o'150 | 0°361 | —o'160 | —o°114 | —0’053 | +0'063 
0°9330 | —0'5000 | +0°3995 | 0°746 | O°145 | 0°347 | —0°233 | —0°166 | —0°077 | +0°055 
0°8830 | —0°6428 | -+0°3245 | 0°706 | 0°137 | 0°329 | —0°300 | —o'213 | —o’0gg | +0°045 
0°8214 | —0°7660 | -+0°2321 | 0°657 | 0°127 | 0°306 | —0°358 | —o°254 | —o°118 | +0°032 
0°7500 | —0°8660 | -+0°1250 | 0°600 | 0116 | 0°279 | —0'404 | —0°287 | —0°134 | +0°017 
06711 | —0'°9397 | -+0°0066 | 0°537 | O°104 | 0°250 | —0'439 | —O°3I12 | —o°145 | +-0’00! 
0°5868 | —0'9848 | —o'1198 | 0°469 | O'ogI | 0°218 | —O'460 | —0°327 | —o°Ir§2 | —o'017 
0°5000 | —r‘0000 | —0'2500 | 0°400 | 0°077 | 0°186 | —o0°467 | —0°332 | —o°154 | —0°034 
0.4132 | —0o°9848 | —0°3802 | 0°330 | 0°064 | O'154 | —O°460 | —0°327 | —o'Ir52 | —o'052 
0°3290 | —0'9397 | —0'5065 | 0°263 | 0°051 | O°122 | —0°439 | —O°312 | —O°145 | —0°070 
0°2500 | —0'8660 | —0°6250 | 0.200 | 0°039 | 0°093 | —0°404 | —0'287 | —o°134 | —0’086 
0'1786 | —0'7660 | —0°7321 | 0°143 | 0°028 | 0°066 | —0°358 | —o'254 | —o'rr8 | —o’lorI 
O°IT70 | —0'°6428 | —0°8245 | 0°094 | 0018 | 0°044 | —0°300 | —0°213 | —O'099 | —O'IT4 
0°0670 | -—-0'5000 ;} —0*8995 | 0'0§4 | O'OIO | 0°025 | —0'233 | —0°166 | —0°077 | —0°I24 
00301 | —0'3420 | —0'9548 | 0°024 | 0°005 | O’OIT | —0'160 | —o°Il4 | —0°053 | —0°132 
0°0076 | —0'1736 | —0°9886 | 0°006 | o’oo! | 0°003 | —o'o81 | —o'058 | —0°027 | —0°136 
00000 0°0000 | —I‘0000 | 0°000 | 0000 | 0000 0°000 0°000 0°000 | —o'138 








Tabular value = [3 E 3 _ a= 1 “760 | xX latitude factor x coefficient. The latitude factor is given in column 2, 


T a a 


M 
3, or 4; the coefficient in Table 1. For this table it is assumed that j3= 81-07’ c =e , @ == 20 gv2 ooo feet, accord- 


ing to Harkness, Solar Parallax, pages 138, 140, using a mean radius of the earth instead of the equatorial radius. The 
negative amplitude signifies that the phase of the tide is altered by 180°. The north latitude is +-, the south —. 
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TABLE 38.— Augmenting factors. 






Components. 













I*°0O000 I ‘0000 I *0000 
0°0Q900_ 0°O000 O*O0000 O0*O0000 | O*0000 0*0000 O*°O000 











Group covers one solar hour. 























J 2SM I ‘00307 I'01231 
0°00133I | 0°005313 
K P, R, T 1°00287 1°O1158 1°02632 1°04746 
0°001246 | o0°004998 | O’OII281 | 0°020138 
i 
L A, MS 1°00273 I-O1r16 1°02534 1°04568 
O°OO1196 | O°0048I19 | 0°010868 | O0'019400 
M 1°00266 I‘OI075 1°02440 1°04396 1°06989 1°10283 1°14363 | 1°19343 
O°OOII53 | 0°004644 | 0'010470 | 0018683 ; 0°029339 | 0°042507 | 0°058286 | 0'076797 
N Vv 1°00256 1°01033 | 
O’OOIIII 0°004464 
O 2N,4 100249 1 "00994 1'02256 I °04300 
O‘OOIO8I | 0°004295 | 0°009691 | 0°018285 
oO 1°00333 
0°001 442: 
Q p 1°00227 
0°000983 
2Q 1°00209 
0°000906 


MN 2 MK 1°00261 I‘O1055 1°02394 1°O43I11 
O*001132 | 0°004557 | 0°010274 0°018331 


MK 1°00274 I‘O1I02 1°02503 
o°001189 | 0°004760 | 0°010739 
| 


Group covers one component hour. 
All 1°00286 I°OIl52 1'02617 1°04720 107513 I°I1072 1°15496 
0°001240 | 0°004974 | O'OII2IQg | 0°020030 | 0°03I1461 | 0°045605 | 0°062571 









The tabular value for any component other than §S is 


arcc?r 
chordc r 


where r = the length of the group. It is a solar hour when each component hour receives one, and only one, hourly 
height; it may be regarded as a component hour when all hourly heights are used in the summation. (See 357, 
Part ITI.) 


Tides of long period. 


When all daily means are used, the factors given under the heading ‘‘ Group covers one component hour’’ are 
to be applied to the long-period tides, the subscripts referring to the year or month, instead of the day as in the case 
of tides of short period. When attention is paid to the arrows, Table 43, in making the summations, the augment- 
ing factors due to using solar instead of component time, are given by the above formula by putting r=one solar 
day, and c=mf, msf, mm. The results are: 1.00887 (log. =0.003835), 1.00759 (log. =0.003282), 1.00217 (log. = 
0.000941). In case of any long-period tide there is, besides the augmenting factor proper, what might be called a 
group factor, due to using the mean of 24 heights each day. The numerical values just given are also the group 
factors for Mf, MSf, and Mm. 
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+ 0°5443747 
+13'064993 


+ 10933912 
+26°241389 


+ 1°6424077 
+39°417785 


— 0°5536583 
—13°287799 
+ 0°6265119 
+15'036286 


+ 2°1867824 
+52°482778 


+ 2°7311571 
+65°547770 


+ 0°5854433 
+ 14°050639 


+ 2°1139289 
+50°734294 
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+ 0°5490165 
+13°176396 


+ 1°0960330 
+26°352792 


- 10980330 
—26°352792 
+ 0°0821372 
+ 1°971293 


+ 1°6424077 
+39°417785 


+ 2°1867824 
+52°482778 
+ 0°0410686 
+ 0°985646 


+ 1°5695542 
+37°669301 


TABLE 39. — Values of b—a and of 24X(b—a). 


DIURNALS. 


My 
— 170933912 
— 26°241389 


— 0°5490165 
-- 13°176396 


ce) 
ce 


+ 0°5490165 
+13'176396 


— 176470495 
—39°529188 


~- 0°4668793 
—11°205103 


+ 1°0933912 
+26°241389 


+ 1°6377659 
+39°306382 


— 0°5079479 
—12'190750 


+ 1°0205377 
+ 24°492905, 


O1 
— 1°6424077 
—39°417785 


— 1°0980330 
— 26°352792 


-- 075490165 
—13°176396 


i?) 
i?) 


— 2°1960660 
—52°705584 
— 1°0158958 
— 24°381499 


+ 0°5443747 
+13°064993 


+ 1°0887494 
+ 26° 129986 
— 170569644 
— 25°367146 


+ 0°471§212 
+11°316509 


oo 
+ 0°5536583 
+13°287799 


+ 1°0980330 
+26°352792 


+ 1°6470495 
+39°529188 


+ 2°1960660 
+52°705584 


o 
°o 


+ 1°1801702 
+ 28°324085 


+ 2°7404407 
+65°770577 


+ 372848154 
+78°835570 


+ 1°I391016 
+27°338438 


+ 2°6675872 
+64°022093 


P; 
— 0°6265119 
—15'036286 


— 0°0821372 
— 1971293 
+ 0°4668793 
+11°205103 
+ 1°01§8958 
+24°381499 
— 1°1801702 
— 28°324085 


° 
o 


+ 1°5602705 
+37°446492 


+ 2°1046452 
+50°511485 
— 0°0410686 
— 0°985646 


+ 1°4874170 
+35 698008 


Q: 


— 2°1867824 
—52'482778 


— 1°6424077 
—39°417785 


— 1°0933912 


— 0°5443747 
— 13064993 


— 2°7404407 
—65°779577 


— 1°§602705 
—37°446492 
Oo 
° 


+ 0°S443747 
+ 13°064993 
— 1°6013391 
— 38°432138 


— 0°0728535 
— 1°748484 


2Q 
_ 2°7311571 
—65°547770 
— 2°1867824 
—§2°482778 
— 16377659 
—39°306382 
— 10887494 
— 26°129986 
— 3°2848154 
—78°835570 
— 2°1046452 
—50°511485 
— 0°5443747 
— 13064993 


Oo 
oO 


— 2°1457138 


—51°497131 


— 06172282 
—14°813477 


S: 
— 0°5854433 
— 147050639 
— 0°0410686 
— 0°985646 
+ 0°5079479 
+12°190750 
+ 1°0569644 
+25°367146 
— 1°1391016 
—27°338438 
+ 0°0410686 
+ 0°985646 


+ 1°6013391 
+38°432138 


+ 2°1457138 
+51°497131 


oO 
oO 


Pr 


2°1139289 
- 50°734294 
~ 1°§695542 
~ 37°669301 
+ 1°0205377 
— 24°492905 
— 04715212 
—11°316509 
— 2°6675872 
~-64°022093 
— 1°4874170 
—35°698008 
+ 0°0728535 
+ 1°748484 
+ 06172282 
+14°813477 


— 1°5284856 
— 36°683654 
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661°3092 


13°71879 
329° 2509 
9°13293 
219°1904 
27°09252 
650°2205 
2394208 
5746100 


6°85939 
164°6254 


5°49218 
131°8123 

25°62161 
614°9186 

799579 
170°2990 
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[+ e) 
27°32158 
655.7180 
1366079 
327°8590 
13°66079 
327°8590 
182°62127 
4382°9105 
9°13293 
219°T904 
685939 
164°6254 
365°24255 
87658211 
9°55685 
229°3645 












TABLE 40.—Synodic periods in days and hours. 
DIURNALS. 


ie) 
oO 


27°32158 
655°7180 


g°10719 
218°5727 


32°12822 
7710772 





13°71879 
329°2509 


9'15882 
219°8116 












29°53059 
708°7341 
14°69813 
352°7552 













ie) 
io) 


27 SS455 
661 3092 
9°30716 
224°8118 
9°61372 
230°7292 
9°87361 
236°9665 
14°76529 
354°3671 
3181193 
7634863 
205°89265 
4941°4235 
§°82261 


oo 
o 
6°83040 
163°9295 
14°76529 
354°3671 
27°55455 
661°3092 
13°77728 
33076546 
1419158 
340°5980 


31°81193 
763°4863 


o 
ss 
12°71003 ee) 
305°0407 ~ 
5°47357 9°61372 
131°3657 230°7292 
4°56647 7°12709 
109°5952 17T°0502 
13°16827 | 365°24255 
316°0385 87658211 
562306 10°08460 
134°9534 242°0304 


SEMIDIURNALS. 


) 
) 
27°S5455 eo 
661°3092 es) 
9° 36716 6°99068 
224°8118 167°7763 
20589265 24°30219 
4941°4235 583°2527 


rr) 
) 
6°99068 re) 
167°7763 00 
7°12709 » 365°24255 re) 
1710502 =|8765°8211 re) 
7° 26893, | 182°62127 | 365°24255 ~) 
174°4544 (4382°9105 |8765°8211 rr) 
9°61372 | 25°62161 | 27°55456 | 29°80294 
230°7292 | 614°9186 | 661°3094 | 715°2706 
20589236 | 7°23638 | 97738265 | = _7°53495 
49414165 | 173°6731 | 177°1835 | 180°8388 
24°30216 9°81364 | 10°08460 | 10°37095 
583°2526 | 235°5272 | 242°0304 | 248°9027 
4°80686 | 15°38734 | 14°76529 | 14°19158 


oO 
i ) 


10°08460 
242°0304 


15°90S97 
381°7432 


9°61372 


























t+] 
© 


27°55456 
661°3094 
4°92176 


) 
i] 


9°81364 


235°5272 





i] 
f°] 


5°99206 


177°1835 | 139°7425 | 115°3646 | 369°2962 | 354°3671 | 349°5980 230°7292 | 138°1224 | 143°8094 


650°2204 2 
1366079 | 27°55456 a0 
327°8590 | 661°3094 © 
9°13293 | 13°77728 | 27°55456 
219°1904 | 330°6547 | 661°3094 
6°85939 | 9°18485 , 13°77728 
164°6254 | 220°4364 | 330°6546 
365°24255 | 29°26317 | 14719158 
8765°821r | 702°3160 | 340°5980 
182°62127 | 31°81193 | 14°76529 
4382°9105 | 763°4863 | 35473671 
121°74751 | 34°84704 | 15°38734 
2921°9403 | 836°3290 | 369°2962 
23°94208 | 205°89265 | 31°81193 
5746100 14941°4235 | 763°4863 
7°09579 | 9°61372 | 14°76529 
170°2990 | 230°7292 | 354°367! 
9°55685 | 14°76529 | 31°81193 
229°3645 | 354°3671 | 763°4863 
2SM]| 16'06411 | 10°08460 7° 38265 
385°5386 | 242°0304 
= _!5_ 
Synodic period ie F 


days or 360 hours. 


~a 





O; 


OO 


P; 








‘053 
21 


"052 


"065 
7056 
22 


"052 


"959 
29 


43 


*162 


"021 
16 


‘OI! 


"101 
215 
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TABLE 41.—For clearing one component of the effects of others. 


"0575 
II 


"0565 
22 


"0565 
338 


"9590 
29 


"0525 
"0494 
4! 


"9902 
14 


La Mos 
"065 0565 
347 338 
n 
"0497 
351 
« 
050 
9 
1 
"049 "0497 
19 9 
rd 
048 | 0489 
28 19 
1 
"009 0212 
182 352 
"096 "0182 
196 186 
1 
"192 "0599 
210 201 
Ls 
"968 | 0958 
25 196 
"005 "0182 
3 174 
a a 
‘018 0958 
174 164 
a 
"042 ‘OI8I 
202 293 
1 


‘057 
II 


"O55 
327 


*106 
198 


"053 
21 


"050 


"049 
341 


"050 
35! 


"050 


‘031 
343 
a 


‘005 
357 
U4 


‘021 
19! 


‘018 
186 
164 


335 


‘004 
183 





[Length of series, 29 days. ] 


Disturbing components (B, C, etc.). 


"0$23 
316 


‘0182 
186 


"0497 


0489 
19 


"0212 
352 


2N 


"049 
319 


048 
332 
x 


"049 
34I 


"050 


351 
n 


"034 
333 


‘O17 
348 


003 
182 


‘005 
357 
335 


"152 
325 
005 
354 


*108 
5I 


048 
54 


"045 


36 


Ra 


‘O15 
172 
"060 
201 


S2 


“959° 
331 


"0958 
164 


‘0182 
174 


‘0055 


‘0168 
12 


"9902 
346 


Disturbing components (3 C, etc.). 


Ta 
“909 
317 
"192 
150 
“060 
159 


‘O21 


169 


003 
178 

a 

°959 
331 


"990 
346 


"028 
175 


038 
153 
143 


‘O21 
352 


335 


164 


‘018 
174 


‘005 


"113 





034 
333 


a 


"O21 
344 


‘005 
357 
U4 


‘018 


‘002 
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TABLE 41—For clearing one component of the effects of others—Continued. 
[Length of series, 369 days. ] 





Disturbing components (B, C, etc.). 





Jr Ki M: Or oOo Pr Q: 2Q Si pr 
0224 004 0075 022 "020 004 oo O21 ooo 
290 198 287 112 286 217 326 288 180 
a Yd a 4 1 a 
"022 024 0004 000 “O10 007 004 O10 008 
70 269 358 2 356 287 217 358 250 
a rd a a a a 
004 0236 0236 ‘008 "028 004 006 025 
162 gI 269 93 87 198 308 89 
ud n a 
“008 “0004 "024 “000 “000 "022 ‘O07 “000 
73 2 gI 4 178 290 219 180 
Yd a 1 x 
022 0004 “008 "0004 ‘OO! "005 002 oOo! 
248 358 267 356 354 285 215 356 
1 rd 4 1 
P, ‘020 ‘O102 028 *0004 ‘OO! "008 "004 ‘OIO 
74 4 273 182 6 291 221 2 
a rd 1 4 a a 
Q: "004 "0075 "004 "0224 “005 “008 "022 “008 
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TABLE 42.—Component hours derived from solar hours. 
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TABLE 42.—Component hours derived from solar hours—Continued. 
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TABLE 42.—Component hours derived from solar hours—Continued. 
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TABLE 42.—Component hours derived from solar hours—Continued. 
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Where one, and only one, hourly height is to go on each component hour, the arrow is used to indicate which 
hourly height to use. A horizontal arrow indicates that the hourly height belonging to the solar hour written is 
the one to be taken; an arrow pointing upward indicates that the hourly height belonging to the solar hour next 
preceding the solar hour written is the one to be taken. For the components J, K, OO, R, and 2 SM the value 
thus indicated is to be used twice. The group covered is obviously a solar and not a component hour. See 22 53, 


57, Part IT. 
Rules for constructing or verifying this table. 
I 
Left-hand part of tabular value = 1 + (d@—4) Ens , 


discarding the decimal even if it exceed 0.5; d is an integer such that 
d= 24 [ (day of series — 1) = rear: 

The quotient in the brackets is taken to the nearest integer generally. The upper sign is used when ¢c, < 15; the 
lower, when ¢, > 15. 

¢;<15. If the decimal of solar hour in the first equation above fall between 0.0 and 0.5, the arrow should be 
horizontal; if between 0.5 and 1.0, vertical. 

¢, >15. Reverse this rule. 

The speeds used are those derived from the mean motions given in 2 13. 

Instead of the above rules, the following may be used: 

Suppose all solar hours of the series to have been converted into component hours; in each doubtful case mark 
that solar hour which lies nearest the component hour thus considered. 





] = right-hand part of tabular value, including sign. 
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TABLE 43.—For the summation of long-period tides. 


es series. series 
x ° ° o ° 7% 18 13< 18 15! 12 
2 I I I 77 19 14 19<- 1§2 13 
3 2 2 2 7p 20 I 19 153 14 
4 3 3 3 P 21 1 20 154 15 
5 4 §e& 4 22 17€< a1 155 16 
6 3 4 3 81 23 17 22 156 17 
z 3 82 Oe 18 23 157 17 
IS 7 ° 83 o 19 o ; 158 18 
9 Z i I - 8&4 1 20 I I 19 
10 85 2 21€ 2<- I 20 
11 9 9 86 3 21 2 161 21 
12 10 Ge 10 87 4 22 3 162 22 
13 11 10 11 88 ; 23 4 163 23 
14 12 IX 12 &9 ° ; 164 oe 
1§ 13 12 13 go I< 1 165 ° 
16 4e 13 13 g! i 2 Z 166 I 
I 14 13@ }. 14 g2 2 16 2 
I I 14 15 93 9 3 9 I 3 
19 I I 16 94 10 4 9 169 4 
20 17 I 17 95 8 5 10 170 5 
a1 18 17 18 96 12 6— II 171 6 
22 19 I 19 13 6 12 172 H 
23 20 I 20€ I 3b 14 i 13 6 173 
24 a1 19 20 2 99 15 14 7 174 8 
25 22 20 a1 100 15 9 15 175 9 
26 224 a1 22 ror 16 10€ 16 176 10 
| 23 22 23 102 I 10 16e I II 
re) 224 ° 103 I II I 178 12 
29 1 23 1 104 19 12 I 179 13 
30 2 o 2 105 20 13 19 180 14 
3! 3 x 3 106 a1 14 20 181 15 
32 4 2 3e 1 22 15 a1 182 I 
33 5 a 4 I 224 1I5& 22 183 I 
4 ae 3 3 109 23 I 22 184 1 
35 4 110 ° 17 23 185 1 
36 11x I 18 ) 186 I 
3 2. 4 112 2 194 I et 5 
9 6 9 2 113 3 19 2 I 21 
399 ro 10 3 114 4 20 3 189 22€- 
40 D9 10@ 115 5< 21 4 190 22 
4! 12 9 II 116 5 22 5e 191 23 
42 12@ 10 12 II 36 3 192 ° 
43 13 1X 13 1 7 23 193 x 
44 14 IIe 14 119 8 ° ; 194 2 
45 1§ 12 1§ 120 9 1 195 3 
46 16 13 16— 123 10 2 9 196 4 
4 1 14 16 122 11 3 10 I 5 
I 1§ I 123 12@ 4 1x I 3 
49 19 I I 124 12 4€ 12 199 
50 19 ( 19 125 13 5 12@ 200 7 
5! 20 I 20 126 14 6 13 201 8 
52 21 I 21 3 I I ke 14 202 9 
83 22 19@ 22 4 I 1 1 8 203 10 
54 23 19 23— 129 I 8 1 9 204 11 
55 ° 20 23 130 I 9 17 205 12@ 
56 I a1 ° 131 1I9e 10 18 206 12 
33 ae 22 I 132 19 11 19 xo 13 
2 23 2 133 20 12@ 19@ 14 
Ped 3 ro) 3 1%4 21 12 20 209 I 
4 oe 4 135 22 13 21 210 I 
61 I 136 23 14 22 211 I 
62 2 2 2 13 ° I 23 212 I 
63 z 3 6<— I I 1 ° 213 19 
64 4 3 139 2 17 le 214 20 
65 9 4e 140 3 17e I 215 20€= 
66 10 3 9 14! 3 18 2 216 21 
4! 10 10 142 4 19 3 a1 22 
8 11 4 143 3 20 4 21 23 
69 12 12 5 144 21 3 219 o 
70 13 8 13 145 7 21 10 220 I 
7 14 9 13@ 146 8 22 7 221 2 
72 1 10 14 14g 9 23 8— 222 3 
73 1 4 I 10 ° 8 223 3 
rf 17 12 I 149 10 le 9 224 4 
75 Je 13 17 1§0 II I 10 225 5 





This table gives the nearest component ‘‘hour’’ (i. e., 24th of monthly or yearly period) for each day (11:30 
a.m.) of the series. 

In Mf, MSf, and Mm two days sometimes fall upon the same ‘‘hour.’’ The arrow is used to indicate the one 
making the closer coincidence. Consequently the one so marked, or rather the corresponding daily height, is the 
one to be taken in preference to the other. See note given below Table 38. 
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TABLE 43.—For the summation of long-period tides—Continued. 





o 
I 
2 
3 te) 
3 22 I t 
242 20 4 18 327 23 Ie 20 22 412 1 22 22 
243 21 5 19 328 ve) 2 21 413 2 23 23 
244 22 6 20 329 I 3 22 414 3 oO oO 
245 23 7 21 330 Ie 4 23 415 4 I I 
246 fo) 8 22 331 2 5 ° 416 5 2< 2 
247 I 8e- | 23 332 3 5< I 417 6 2 3 
248 le 9 re) 333 4 6 2 418 de 3 4 3 
249 2 Io o€- 334 2 7 2 419 4 4 4 
250 3 IL I 16 335 8 3 420 8 5 5 
251 4 12 2 17 336 7 9 4 421 9 6 6 
252 5 12€- 3 337 8<- 9 3 422 Io 7 
253 6 13 4 338 8 10 6 423 II 1<€ 
254 j 14 5 339 9 11 7 424 12 8 9 
255 15 6 340 10 12 8 425 13 9 10 
256 Be 16< 7 341 II 13 9 22 426 14 10 Ie 
257 9 16 I< 342 12 14 9< 23 427 I Il€e II 
258 Io , 17 8 343 13 14€ 10 428 I II 12 
259 11 18 9 344 14 15 Il 429 16<— 12 13 
260 12 19 10 345 15<— 16 12 430 17 13 14 
261 13 20 II 346 15 17 13 431 18 14 15 
262 14 21 12 347 16 18 14 432 19 15 16 
263 15€ 21€ 13é 348 17 18 I 433 20 15 17 4 
264 15 22 13 349 18 19 I 434 21 16 18 5 
AS 16 23 14 17 350 19 20 16< 435 22 17 184 
266 17 o 15 18 351 20 21 1 436 23 18 19 
eed 18 1 16 352 21 22<- 1 437 23< 19 20 
19 Ie 17 353 22 22 19 4. ro) 20 21 
269 20 2 18 354 23 23 20 439 I 20&— 22 
270 21 3 19 355 23e ° 21 440 2 21 23 
271 22<- 4 20<- 356 o I 22€< 441 3 22 ) 
272 22 5e 20 357 1 2 22 23 442 4 23 I 
273 | 23 3 21 358 2 3 23 ° 443 5. oe Ie 
274 o 22 359 3 3e ° 444 o 2 
275 ae 7 23 360 4 4 I 445 6 I 3 
276 2 8 ° 361 5 5 2 446 Z 2 4 
277 3 9 I 362 6 3 447 3 5 
278) 4 Io 2 363 6e- 7 4 448 9 Ae 6 5 
279 5 10 3 304 7 i S¢ 449 10 4 7< 
11 3¢ 365 8 5 450 | 11 5 7 
281 b4- 12 4 18 366 9 9 6 451 12 6 8 
282 i 13 5 19 367 10 10 7 452 13 7 9 
283 14 6 368 Il IIe 8 453 13 8 10 
284 9 14 7 369 | 12 II 9 454 | 14 9 11 
285 10 15 8 370 13 12 Io 455 15 9<— 12 
286 Il 16 9 371 13€ 13 Il 456 16 Io 13 
287 12 17 10 372 14 14 12 re) 457 17 11 14€ 
288 13 18 10 373 I I 12€@ I 458 18 12 14 
289 13€ 18 II 374 I 1 13 459 19 13 15 
290 14 19 12 375 17 16 14 460 20€- 13 16 
291 15 20 13 376 18 I 15 461 20 14 17 
292 16 ar 14 37 19 1 16 462 21 15 18 
293 17 22 15 37 20€ 19 17 463 22 16 19 6 
294 18 23 16< 379 20 20 18 464 23 17& 20 7 
295 19 23 16 380 21 20 19 ' 465 o 17 21 
296 20 re) 17 19 381 22 21 I9e 466 I 18 21€ 
29 20€ I 18 20 382 23 22 20 467 2 19 22 
ped 21 2 19 383 oO 23 al 4 3 20 23 
299 22 3 20 384 I oe 22 469 4 a1 o 
300 23 3e 21 385 2 fe) 23 470 4e 22 X 
301 oO 4 22 386 3 I o 471 3 22€- 2 
302 I 5 23<- 387 3 2 Ie t 472 23 3 
303 2 6 23 388 4 3 I 2 473 3 ° 4 
304 3¢ 7& ° 389 5 4 2 474 I 4¢ 
305 3 7 I 390 6 5 3 475 9 2 5 
306 4 8 2 391 3 3< 4 476 10 2 6 
ea 2 9 3 392 5 477 iI 3 g 
= 10 4 393 9 : hs 1 iS 4 : 
3 II 394 10 4 1 
310 g 12 6 395 II 9<— 8s 480 13 a 10€ 
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TABLE 43.—For the summation of long-period tides—Continued. 


Dayof| wr | msf | Mm | sa || D8y°fl we | mst | mm | sa ||D@yof] me | mst | mm | Sa 


series. series. series. 
481 14 6 to 566 I 4 13 651 19 Ie Se 
482 I i Ir 567 1 4e 13€ 652 20 I 1 
483 I 12 568 18 3 14 653 21 2 I 
484 | 1 9 13 S69] 19 I 654 | 22 3 I 
485 I 10 14 570 | 20 7 I 13 655 | 33 4 I 
486 18 11 15 §71 21 8<— I 14 656 ) 3 19 
487 19 Ne 1 572 22 8 1 65 I 20 
4 20 12 17 |) 573 23 9 19 6 2 6<— 2I 
489 aI 13 1 S74 ° 10 20 659 2 7 22 
490 22 14 I 575 I 11 20€- 3 & 22€- 
491 23 15< 19 576 2 12 21 661 4 9 23 19 
492 ° 1 20 5 2e 13 22 662 5 10 re) 20 
493 le 1 21 ne 3 13< 23 663 6 10 I 
494 1 I 22 8 5 4 14 re) 664 7 Ir 2 
495 2 I 23 9 sho 5 15 I 665 8 12 3 
496 3 19 ° 581 6 16 2 666 oe 13 4 
mee 4 19 oe 582 | 17 2 : ro 9 14e 5 
4 3 20 I 583 ao 3 10 14 a 
499 a1 2 584 9 I 4 669; 11 15 
500 7 22 3 585 9 | 9 5 14 670 | 12 16 7 
501 8 23 4 586 10 an 6 15 671 13 I 8 
§02 9 ° ; 587 11 a1<e 672 14 I 9 
§03 9e Oe 588 12 21 673 I 19 10 
504 10 I 7 589 13 22 ge ' 674 I 19 Me 
505 11 2 I< 590 14 23 9 675 16 20 II 
506 12 3 8 591 I oO 10 676 I 21 12 20 
13 Ie 9 592 I 1 II 6 1 22 13 21 
20h 14 4 10 593 16 2 12 6 19 23€ 14 
509 1 5 1 9 594 I 2 13 679 20 23 15 
510 1 12 10 595 I 3 14 680 21 ro) 16 
giz 16@ H 13@ 596 19 4 I 681 22 I I 
§12 I 13 597 20 ; 1 682 23 2 I 
513 I 9 14 598 21 16 683 ° 3 18 
514 19 I 399 22 6e— 1 684 oe 3 19 
515 20 10 I 23< 7 I 15 685 I 4 0 
516 a1 II I 601 23 8 19 16 686 2 ; 21 
51 22 12 I 602 ) 9 20 687 3 22 
51 23 13 19 603 I 10e 21 688 4 23 
519 23 13@ 20 604 2 10 22 689 3 ° 
§20 ° 14 20 605 3 11 23 690 8< I 
521 I I aI 606 4 12 23< 691 7 9 Ie a1 
§22 2 I 22 607 3 13 re) 692 i. 10 2 22 
523 3 17 | 23 608 14 1 693 11 3 
524 4 I ) 10 609 7 15 2 694 9 12@ 4 
§25 5 I 1 8 | 610 I< 15<- 3 695 10 12 5 
526 6—- 19 2 611 8 16 4 696 II 13 6 
5 6 20 3 612 9 17 5e 697 12 14 Z 
5 H a1 3e 613 10 18 3 698 13 I 
§29 22 4 614 II 19 699 14< 1 Se 
530 9 224- 5 615 12 19 7 16 700 14 16 9 
531 10 23 6 616 13 20 8 17 7ol I 1 io 
532 II ° 617 14 21 9 702 I 1 II 
533 12 1 618 14@ 22 10 703 17 19 12 
534 13 2 9 619 1 23< II 704 18 20 13 
535 14 2 10 620 1 23 12@ 705 19 21 14e 
536 4e 3 10 621 I ° 12 706 20 21 14 
53 15 4 II 622 I I 13 70 
33h 16 5 12 623 19 2 14 78 
539 I 6— 13 II 624 20 3 I 709 
540 I 6 14 12 625 21 4 1 710 
SI 19 i if 626 ae 4e 17 711 
542 20 I 627 22 3 18 712 
S543 21 9 16 628 23 19 713 
S44 21e 10 17 629 o i IG 714 
545 22 II 18 630 I 20 715 
546 23 Ile 19 631 2 8 21 17 716 
5A7 o 12 20 632 3 9 22 18 71 
548 I 13 21 633 4e 10 23 71 
549 2 14 22 634 4 II ° 719 
550 3 15 234 635 5 12@ I 720 
551 4 15 23 636 6 12 2 721 
552 4e 16 oO 637 i 13 2 722 
553 5 I I 638 14 3 723 
554 6 I 2 12 639 9 15 4 724 
555 7 I9<- 3 13 640 To 16 5 725 
556 8 19 4 ot Ie 17 6 726 
55 9 20 2 It 17 727 
38 10 21 2 643 12 I be 728 
399 Ie 22 6— 644 13 19 8 729 
Il 23 7 645 14 20 9 730 
561 12 fe) 8 646 15 21 10 18 731 
562 13 oe 9 647 16 21] II 19 732 
563 14 1 10 648 I 22 12 733 
564] 1 2 II 649 | 1 23 13 734 
S65 | « 3 12 650} 19 ro) 14 735 
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TABLE 43.—For the summation of long-period tides—Continued. 

















746 1 

747 = 2 

748 3 

749 4 

78° 1 5 

751 II 10 6 

752 12 II 7 

753 13 12 i= 2 838 1 923 

7 14 12€- 839 | 17 I 924 

755 15 13 9 840 17& I 1 925 

756 16 14 10 841 18 11 12 926 

75 17 1 II 842 19 12 13 9 

ie | 17€< 1 12 843 20 13 14 9 

739 1 16 13 844 21 14 I i 929 

760 19 17 14 845 22 14@ 1 930 

761 20 18 846 

762 21 19 

763 22 20& 

764 23 23 

765 o a1 

766 oe 22 

767 I 23 

768 2 oO 

769 3 I 224 

77° 4 Ie 22 

77 2 2 x3 

772 3 o 

773 7< 4 i | 

774 7 5S 2 859 | 10 2 8 944 

775 8 5 3¢- 860} II 3 << 9 945 

776 9 6 3 861 12 3< 3 946 

777 10 4 862 13 4 Eat) 

78) «ot ; 863 | 14 3 

779 12 9 A) 949 

70} 13 9 7 865 | I15é 7 9 950 

781 14@ 10 8 866 16 1 10 9st 

782 14 be 9 867 17 8 II 952 

783 I 12 10 3 868 18 9 12@ 953 

784 1 13 10 4 869 19 10 12 954 

785 17 14 It 870 20 Ile 13 955 

786 18 14e- 23 

787 19 I oO 

788 20 I I 

789 21< 17 2 

79° a1 18€- 3 

791 22 18 4 

792 23 19 5 

793 oO 20 5 

794 I a1 6 

795 2 22€- 7 

796 3 22 8 

797 4 23 ° 9 

798 5 o 1 Io 

799 5<— 1 2 II 
6 2 oO 2< 12 

8oI rH 3 I 886 oe 3 971 12 

802 3e 2 887 o 4 972 13 

803 4 3 888 I 5 973 | 14 

804 10 5 4 889 2 6 10 974 I 

805 | It 6 5 890 3 7 8 975} 1 

806 12 I< 6<— 891 4 8 976 17 

807 12@ i 6 892 5 8 977 18 
13 H 893 5 9 978 19 
14 9 894 6 10 979 | 20 

810 1§ 10 9 895 7 11 g8o 20< 

811 16 11 10 896 19 8 12 981 21 

812 17 12 11 897 19 9 13 982 22 

813 18 12@ 12 5 898 20 9< 14 983 23 

814 19 13 13 6 899 21 Io 15 984 ° 

815 19 14 13€ goo 22 1I 15 985 I 

816 2c I 14 gor 23 12 16 986 2 

817 21 1 15 go2 re) 134 17 987 3 

818 22 16< 16 903 | I 13 18 988 3e 

819 | 23 17 17 904 2 14 19 989 4 

820 re) 18 18 | 905 | 3 15 20 Il ggo 5 
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Day of 
series 
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TABLE 43.—For the summation of long-period tides—Continued. 


Day of 
Mf MSf |. Mm Sa series 





6 13 23 1071 
7 14 oe 1072 
8 IS o 1073 
9 15 I 1074 
10e 16 2 1075 
10 17 3 af 1076 
II 18 4 I 1077 
12 Ige 5 1078 
13 19 6 1079 
14 20 7 1080 
15 21 1081 
16 22 1082 
17e 23 9 1083 
i oO 10 1084 
18 of 11 1085 
19 1 12 1086 
20 2 13 1087 
21 3 14 1088 
22 4 14 1089 
23 4 15 Togo 
fe) 5 16 18 1091 
I 6 17 19 1092 
Ie 7 18 1093 
2 8<— 19 1094 
Sie 8 20<- 1095 
4 9 20 1096 
5 10 21 1097 
6 8 22 1098 
7 12 23 1099 
8 13 ° 1100 
B<- 13@ 1 1101 
9 14 2 1102 
10 I 3< 1103 
II 1 3 1104 
12 17€ 4 1105 
13 17 3 19 1106 
14 18 20 3107 
15€ 19 ; 1108 
I 20 1109 
1 21€ 9 IIIO 
1 21 10 III! 
I 22 10€@ 1112 
19 23 II 1113 
20 o 12 1114 
21 1 13 1115 
226 2 14 1116 
22 2 1 III 
23 3 1 III 
o 4 17 1119 
I 5 17< 1120 
2 6— 18 20 1121 
3 6 19 21 1122 
4 i 20 1123 
5 21 1124 
5 9 22 1125 
6 10@ 23<- 1126 
Hl to 23 1127 
II o 1128 
9 12 I 1129 
10 33 2 1130 
11 14 3 113 
12 15 4 1132 
13 15S 5 1133 
13€ 16 6<— 1134 
14 17 6 1135 
15 18 7 1136 
16 19€ 8 21 1137 
17 19 9 22 1138 
18 20 10 1139 
19 21 11 1140 
20 22 12 114! 
20 23< 13 1142 
21 23 13€ 1143 
22 ° 14 1144 
23 I 15 1145 
° 2 16 1146 
I 3 17 1147 
2 4 18 1148 
36 4e 19 1149 
3 5 zo 1150 


Mf 


~ O 


» 


An hw Ww 


ad 


oo oe 


Day of 


series 


1151 
1152 
1153 
1154 
1155 


1156 


1201 


1205 


1210 


1211 
1212 
1213 
1214 
1215 


1216 
1217 
1218 
1219 
1220 


1221 
1222 
1223 


1225 


1236 
1227 
1228 


1229 
1230 
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19 
II 19 
: 12 
21<—- 2 i 
1391 a ; 
: | 
13 1392 : 
9 14 1393 3 
3: ; i 18 14 1395 6 16 
: 3 = : ° 2 7 17 
16 1313) I is 17 , 
16 17<- 1314 3 8 1397 oe 2 
E : 3 1315 13 19 ea : oe 
I 
1232 3 18 9 1316 13 i 2 , 
1233 4 1g 1317 r ; 2 : 
1234 Ae 20 1318 2 +a 21 ) : : 
1235 20 a1 9 1319 7 1 1402 z oe : 
5 2: 22 10 1320 22 1403 ; i 
1236 6 22 23 8 i 23 403 ; : | 
3237 | I 1 o og : : 
g 23 Ode a : 
| : 7 He 
23 1322 2 a : ; 
1239 9 o 1323 Ie ; ) 
1240 re) 1 1324 20 2 07 n : : 
10 : 3 | 
1241 u 2 1325 2 aI 3 a ; 3 
1242 ie 3 4 1326 I 22 4 409 a : 
1244 13 1328 14 6 - : : : 
1245 4 3 1320 > o I 1412 : = 
246, 14 5 7 1330 | 3 i j | ; 
I I 5 7 : 
= 3 i 1331 Ht! 2 9<- 1415 9 22¢ 10 
: 7 1332 : 3 9 19< 23 He 
1249 18<- 9 1333 19 4 10 - ‘ . 
1250 | 8 to 1334 I9e 5 : 3 : 
18 9 It 10 1335 2 ve 6 ii7 : q | 
1251 | 19 10 12 i I 2 12 1419 : : 
= = ic 13 1336 | 33 7 > 1420 2 14 
12 - 
1254 pas 1 14 1338 "3 8 15 - . , 
1255 | 12€- 14 1339 I 9 1422 : f 
23 13 15 1340 y : : 
1256 Oo 14 16 ‘ s 9 vee = 2 : 
1257 I< 15 17 1341 2 10 17 ia : 
1258 I 16€- 1342 i 18 16 7 : 
1259 2 18 1343 3 12 19 ) ; 
1260 16 19 1344 4 13 17 1427 5 2 
3 17 20€- 1345 5 . ig 7 
: ; : 6 13 2r 1429 8 22 
1262 5 19 21 1346 14 22 te . 
3 : 3 . i , 9<— Ie fe) 
1264 7 22 1348 1 23e ns ; : : 
1265 20 23 1349 oe 17 1432 2 i 4 
8 a1 oO iI 1350 8 ° | 1433 0 ; 
1266 9 22 1 12 10 { t S : : | 
1267 9< 23 2 1351 II 18<- 2 8 | 
1268 1o ° 1352 12 19 : : | 
1269 It 3< 1352 20 4 1436 3 ' 
3 3 1354 13 21 _ 1437 15 17 6 
12 1 4 355 14 Sse | 437 7 
hs 13 2 5 ' 15 om ; : : 
127 14 
14 : 8 i : re ee 23 7 17 |i 17 a 8<- 
1274 | 16 1355 I ° z - 3 
1275 5< 1359 | 17 I 1 1442 : = : 
1 hae 6 10 = 2 10 1444 21 II 
1277 i 48 7 10€- 1361 19 : : é : : 
1278 | 19 8 1362 2 : ne 7 ; 
1279 20 II 1363 ae 4 12 1446 re a 4 
1280 9 12 1364 23€ 5 1447 3 : 
, : ; . r 144 Oo 2 23 
3 3 i 1 13 14 1449 1 15 oO 
1282 23<- 8 15 1366 23 7 i : : : 
1283 23 12 1367 I 2 16 | : 
1285 13 17 1369 3 9 8 1452 3 
I 14 Ly oe 1370 " : : 
1286 2 14e I 10 19 ss 
cell 3 15 19 1371 3 I9<— . as , J 
1 4 16 | 2 
1289 5 20 es 6 12 2r 1456 ee : 
1290 17 21 1374 a: ic : ~ | : 
6< 18< 22 1375 ce “ ; ; 
% 19 23€- 8 14 23 1459 10 oO 
1292 7 19 23 1376 : 2 
1293 8 20 8 , . : | 
1294 9 ° 1378 es ee : 
1295 21 : 3 
10 22€- 2 13 £379 A 
1296 II 22 3 7 | | | 
1297 12 23 4 a ; ‘ , 
1298 13<- Oo * : 7 
1299 13 . 3 
1300 I 6<— 1383 : : : 
. ; 1385 17 - = t 
1302 : : 
4303 17 , - : . 3 
304 18 ar 3 
1305 5 2 oe : 
19 2 i 2 
3 2 Oa 12 
iG 21 
ee 21€- q - 
1309 a ! 
1310 


610 UNITED STATES COAST AND GEODETIC SURVEY. 


TABLE 44.— Acceleration in HW and LW of 


[The amplitude of the semidiurnal wave is taken as-unity. ] 











HW phase.* 0° 10° 20° 30° 40° 50° 60° 70° 80° go° 
LW phase.* 180 190 200 210 220 230 240 250 260 270 
Oo 48 ° ‘ ° ‘ Oo Ff ° ’ ce) ‘ Oo ‘ o , fe) ‘ Oo : 
o'O O 00 O 00 O 00 0 00 O 00 O 00 Oo 00 O 00 O 00 O OO 
oO’! O OO O 29 O 57 I 24 1 48 2 10 2 27 2 40 2 49 2 52 
O°2 0 00 0 57 I 52 2 45 3 33 4 15 4 §0 5 19 5 36 5 44 
o'3 0 00 I 23 2 45 4 02 5 14 6 17 7 11 | 7 53 8 22 8 36 
o'4 O 00 I 49 3 35 5 16 6 51 8 15 9 28 10 26 II 07 II 29 
0'5 O CO 2 13 4 23 6 28 8 24 Io 10 II 41 12 56 13 50 14 22 
06 000! 236; §09}] 7 37 9 55 12 03 13 52 15 24 16 33 17 15 
O°7 O 00 2 58 § 53 8 43 II 23 13 §0 16 00 17 50 Ig 15 20 09 
a8 O OO 3 19 6 36 9 46 12 48 15 35 18 06 20 14 21 56 23 O4 
o'9 O 00 3 40 717] 10 48 14 09 17 18 20 09 ‘22 37 24 36 26 00 
1‘O O OO 4 00 7 56 II 47 15 29 18 58 22 O09 24 57 27 16 28 57 
I’! © OO 4 18 8 34 | 12 44 16 46 20 35 24 06 27 15 29 55 31 55 
1°2 O 0O 4 36 9 10] 13 39 18 00 22 0g 26 Ol 29 32 32 33 34 55 
1°3 ©0O; 454; 9 46] 14 33 19 12 23 41 27 54| 31 46 35 11 37 56 
1°4 Oo 00 § 11 10 20|/ 15 24 20 22 25 10 29 44 34 00 37 48 40 58 
rv) 1°5 O 0O § 27 IO §2 | 16 14 2I 30 26 37 31 33 36 I1 40 24 44 03 
2 16 © 00 § 43 | 11 24| 17 Q2 22 36 28 02 33 18 38 20 43 00 47 09 
B 7 Oo oO 5 58 Il 53 17 49 23 40 29 25 35 02 40 28 45 36 50 18 
s 1°8 O OO 6 12 12 24 18 34 24 4I 30 45 36 43 42 34 48 11 53 29 
: 1°9 © 00 6 26|-12 52] 19 18 25 42| 3204 38 23 44 38 50 46 56 43 
~~  2°0 000] 640] 13 20] 2000 26 40 33 20 40 00 46 40 53 20| 6000 
oO 2 0 OO 6 53 | 13.47 | 20 41 27 37 34 34 41 35 48 4o 55 54 63 20 
-— 2°2 Oo CO 7 06 14 13 | 21 21 28 32 35 47 43 08 50 39 58 27 66 44 
3 2°3 O OO 718] 14 38] 2200] . 29 25 36 57 44 39 52 36 60 59 70 12 
3B 24 000; 7 30] 15 02/ 22 37 30 17 38 06 46 08 54 32 63 31 73 44 
z 2°5 O00} 7 42; 15 26; 23 13 31 08 39 13 47 36 56 25 66 03 77 22 
2°6 O 0O 753 | 1§ 48] 23 49 31 57 40 18 49 OI 58 16 68 33 81 05 
2°7 O 00 8o4| I6 11 | 24 23 32 45 41 22 50 24 60 08 71 03 84 54 
2°8 Oo 00 815 | 16 32] 24 56 33 32 | 42 22 51 45 61 54 73 32 88 51 
2°9 000]; 8 25, 16 53] 25 29 34.17 |. 43 25 53 05 63 39 76 00 | 92 56 
3'0 oO 00 8 35} 17.14] 2600 35 O1 |; 44.22 54 22 65 23 78 26 97 II 
371 O OO 8 44 17 33 | 26 31 35 44 45 21 55 38 67 05 80 52 IOI 36 
3°2 O 00 8 54| 17 52| 27 OI 36 26 46 17 56 53. 68 45 83 16} 106 15 
3°3 O OO 9 03 18 If 27 30 37 06 47 12 58 05 7O 23 85 39 III 11 
3°4 Oo 0O 9 12! 18 30] 27 56 37 46 48 05 59 16 71 58 87 59 | 116 25 
3°5 O 00 Q9 21 18 47} 28 26| 38 25 48 57 60 25 73, 32 90 I9] 122 05 
3°6 900} 9 29/ 1905] 28 53 39 O1 49 47 61 30 75 04 92 35 | 128 19 
3°7 000} 9 38/ 19 22} 29 19 39 39 50 37 62 38 76 34 94 49} 135 21 
3°8 000/ 9 46| I9 38| 29 44 40 14 51 25 63 42 78 02 97 OL | 143 37 
3°9 0 00 953) 19 54] 39 99 40 49 52 12 64 44 79 27 99 10; 154 I9 
4'0 0 00| IO OI 20 09} 30 33 4I 23 52 58 65 45 80 50 IOI 16 | 180 00 
HW Phase. 360° 350° 340° 330° 320° 310° 300° 290° 280° 270° 
LW Phase. 180 170 160 150 140 130 120 110 100 90 








*]I.e., the phase of the diurnal wave (#) at the time of HW or LW of the semidiurnal wave (A). 


HW phase = (time of HW of A — time of HW of B) 4, 
LW phase = (time of LW of A — time of HW of B) 6. 


If one of the speeds be somewhat variable, the resultant times and heights will be given more accurately by keeping the phases 
between — 90° and + 90° If they do not fall within these limits, this and the following table may be entered with the phases: 


HW phase = (time of LW of A — time of LW of B) , 
LW phase = (time of HWof A — time of LW of B) 6: 


the resultant heights must, however, have their signs changed. For tropic tides 
HW phase = nw + % A° — B°, LW phase =n 2+ 6 A° — B, 


a being aninteger. (See 22 5, 20, Part III.) 
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a semidiurnal wave due to a diurnal ware. 


{The amplitude of the semidiurnal wave is taken as unity. ] 














: % a 
| HW Phase. 100° | Jae ? bs sen 130° 140° 150° | 160° | 170° 180° 
essai LW Phase. 280 i 310 320 330 340 | 350 360 
aa = ‘ieee ‘aac al eae aera Gee 

| ‘* ° t ° , ° ’ Oo ] e) ‘ °o ‘ Oo ‘ ° t re) ! 

| foKe) O 00 Oo OO O 00 O OO O 0O Oo 00 O OO O 00 O 00 

O'l 2 50 2 43 2 31 2 I4 I 53 I 28 I 00 O 3! O 0O 

| o2 | 542] 5 29| §05| 4 32 3 50 3 00 2 03 I 03 0 oo 

| 0°3 835) 8138, 744| 655 5 §2 4 36 3 09 I 37 0 00 

o'4 11 30{ Ir 10, 10 28 9 24 7 59 6 17 4 20 2 12 O OO 

| O'5 14 28] 14 . 13 6 11 58 IO 12 8 02 5 33 2 50 O 00 

| 0°6 17 27 17 06 16 10] 14 38 12 31 9 54 6 51 3 30 O OO 

O'7 20 29 | 20 I0 19 09 17 24 14 57 II 51 8 13 4 13 O OO 

| o'8 23 34/! 23 19! 22 14] 20 18 17 30 13 55 9 40 4 58 O OO 

o'9 26 42! 26 33 | 25 27/| 23 20 20 12 16 06 II 13 5 45 O 00 

1‘O 29 53 | 2652; 28 47} 26 31 23, 03 18 26 12 52 6 36 © 0O 

I'l 33 07! 33 18 | 32 16[ 29 53 26 04 20 54 If 37 7 31 0 OO 

I°2 36 26} 36 51 35 56 | 33 27 29 18 23 34 16 30 8 29 O OO 

13 39 49 | 40 32, 39 47 | 37 15 32 46 26 26 18 32 9 32 0 00 

I"4 4317] 44 23] 43 52| 41 21 36 33 29 32 20 43 10 40 0 00 

@ 1°5 46 51 | 48 24} 48 15 | 45 48 40 40 32 56 23 07 II 53 O 0O 

go  1°6 50 31 | 52 40; §2 59] 50 43 45 17 36 43 25 44 13 13 O 00 

7 54 19| 5711 58 12 | 56 17 50 32 40 59 28 38 14 40 O 0O 

os 418 58 15 | 6203] 6405] 62 53 56 48 45 55 31 53 16 16 © 00 

: I'g | 62 21 | 67 22| 71 O1 | 71 19 64 57 51 56 35 39 18 02 © 00 

~ 2:0 | 66 40} 73 20] 8000] 86 4o 80 00 60 00 40 00 20 00 © 00 

} 2°! 71 14 | 80 18 45 24 22 13 O 00 

LE aa “a2 76.07 | 89 14 52 48 24 45 0 00 

| 3 2°3 81 25 27 44 O 00 

2 2°4 87 18 31 17 O OO 

§ 2°5 | 94 08 35 47 oO 0O 

2°6 | 102 48 42 08 O OO 

2°7 O 00 

2°8 O 0O 

2°9 O 0O 

3°0 O 0O 

3,1 O OO 

3°2 O 0O 

3°3 0 00 

3°4 O 00 

35 Oo 00 

36 O 00 

3°7 oO 00 

38 O 00 

39 0 00 

4'0 O ov 
HW Phase. 260° 250° 240° 230° | 220° 210° 200° 190° 1§0° 


LW Phase. 80 70 60 50 | 40 30 20 10 re) | 








When the top argument is used the tabular values are positive; when the bottom argument, they are negative. 
To express the acceleration in time divide by a, the speed of the semidiurnal component. 


To find the acceleration when 6 is not exactly equal to % a, multiply the tabular values by 2° . 


This acceleration is directly expressed in time by multiplying the tabular values by 26 ; 


Table 17 is a graphic form of this table. 
Rollet de l’Isle has given in the Annales Hydrographique for 1896 (p. 248) a graphic table serving the pur- 
pose of Tables 17, 18, or Tables 44, 45, and which he calls an abacus, It is really the inverse of Tables 17, 18. 
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TABLE 45.—Height of HW and LW for a tide 


[The amplitude of the semidiurnal wave is taken as unity. ] 









0'O 
oO’! 
O'2 
0°3 
O°4 
0°5 | 1°5000 | 1 °4932 | I °4731 | 1 °4401 1 °3948 I °3384 I *2721 I °1975 1°1165 | 1 ‘0312 
0°6 | 16000 | 1°592I | 1°5 I °5296 1 °4763 I ‘4098 I °3314 I °2430 1°1467 | 1 ‘o450 
0°7 | 1°7o0o | 1 6908 | 1 °6639 | 1 °6195 1 °5585 I °4822 I °3922 I ‘2904 1°I792 | 1 ‘0612 
0 °8 | 1 8000 | 1°7899 | 1°7596 | 1°7099 | 1°6415 | 1°5558} 1°4545 | 1°3397 I °2139 | 1 ‘0800 
0°9 | I ‘gooo | 1 8883 | 1 °8555 | 1 “8006 1 °7253 I 6304 1 °5182 I°3 1°2508 | I ‘1012 
Io | 2 ‘0000 | 1 ‘9878 | 1 °9515 | 1 ‘8917 1 ‘8094 I °7059 T °5832 I °*4436 1°2898 | 11250 
I°I | 2°1000 | 2 ‘0869 | 2 0477 | 1 °9832 1 “8942 I °7824 1 *6496 1 “4982 I °3309 |] I ‘1512 
I *2 | 2°2000 | 2°1860 | 2°1440 | 2 °0749 I ‘9797 I ‘8598 I ‘7172 I °5544 I °3741 I ‘1800 
1°3, | 2°3000 | 2°2851 | 2°2405 | 2°1670 2 0656 I *9380 I °7860 I 6122 I°4194 | 1°2112 
1°4 | 2°4000 | 2°3842 | 2°3371 | 2°2594 2 °1522 2 ‘0170 1 °8560 1 °6716 1°4668 | 1°2450 
2 1°5 | 2°50c0 |} 2°4834 | 2°4339 | 2°3520 2 ‘2392 2 ‘0970 I ‘9271 I °7325 I ‘S161 I ‘2812 
5 1 °6 | 26000 | 2°5826 | 2°5307 | 2°4450 2 °3266 2°1774 I "9993 I °7949 1 5673, | 1 °3200 
— 1°7 | 2°7000 | 2°6818 | 2°6276 | 2 °5382 2 °4145 2 °2586 2 °0725 I *8588 1 °6206 | 1°3612 
© 1°'8 | 2‘8000 | 2°7811 | 2°7247 | 2 °6316 2 °§029 2 °3406 2 °1468 I "9241 I "6757 | 1°4050 
E I ‘9 | 2°9000 | 28804 | 2°8219 | 2°7252 2°5917 2 "4232 2 °2220 I* I °7327 | 14512 
oO 
‘2 °O | 3 ‘0000 | 2°9797 | 2 ‘9191 | 2 ‘8191 2 *6809 2 °5065 2 ‘2981 2 °0587 1°7915§ | 1 °5000 
w 2°I | 3°1000 | 3°0790 | 30165 | 2 °9132 2 °7704 2 °5903 2 °3752 2 °1280 I 8521 I °5512 
f 2°2 | 3°2000 | 31784 | 31139 | 3°0074 | 2°8604 | 2°6747 | 2°4531 | 2°1985] 1°9144| 1 ‘6050 
%& 2°3 | 3°3000 | 3°2778 | 3°2114 | 3 °1019 2 9506 2 °7597 2 °5318 2 ‘2702 I "9785 I 6612 
¢ 2°4 | 34000 | 3 °3772 | 3°3090 | 31965 3 ‘0412 2 °8452 26114 2 °3431 2 °0443 | 1°7200 
< 2°5 | 3°5000 | 34766 | 3 °4067 | 32913 3 °1321 2 °9312 2 “6917 2°417!1 2°I117 1 °7812 
2°6 | 36000 | 35760 | 35044 | 3 °3863 3, °2233 3 °O177 2°7728 2 4922 2°1808 | 1 °8450 
2°7 | 3°7000 | 3 6755 | 36023 | 3°4814 | 3°3148 | 3°1047 | 2°8545 | 2°5683 | 2°2514] I g112 
2°8 | 3 ‘8000 | 3°7749 | 37002 | 35767 | 3°4065 | 3°1921 | 2°9370/ 2°6455 | 2°3234 | 19800 
2°9 | 39000 | 3 8744 | 3°7981 | 3°6721 | 93°4985 | 3°2800| 30201 | 2°7236) 2°3970 | 2°0512 
30 | 4 0000 | 39739 | 3 8961 | 3°7677 | 3°5908 | 3°3682 | 371038); 2°8027 | 2°4721 | 2°1250 
3°I | 4°1000 | 4 °0734 | 39941 | 3 8634 3, 6833 3, °4569 3, °1882 2 ‘8827 2°5485 | 2°‘2012 
3°2 | 4°2000 | 4°1730 | 40922 | 3°9592 | 3°7760| 3°5459| 3°2731 | 2°9636| 2°6262/ 2°2800 
3°3 | 4°3000 | 4°2725 | 4°1904 | 4°0552 | 3°8690| 3°6353 | 3°35 30452 | 2°7053 | 2°3612 
3°4 | 474000 | 4°3720 | 4°2886 | 4°I512 | 3°9622 | 3°7250) 3°4446| 3°1277| 2°7856) 2°4450 
3°5 | 4°5000 | 4°4716 | 4°3869 | 4°2474 4 0556 3 8151 3 $311 3 2110 2°8671 | 2°5312 
3.°6 | 4°6000 | 4°5712 | 4°4852 | 4°3437 | 471492 | 3°9055| 3°6181 | 3°2950| 2°9500 | 2°6200 
3°7 | 4°7000 | 4 "6708 | 4°5836 | 44401 | 4°2429 | 3°9962 | 3°7056| 3°3797| 3°0334 | 2°7112 
3°8 | 4 8000 | 4°7704 | 4 °6820 | 4°5366 | 4°3369| 4°0872| 3°7936| 3°4652| 371182 28050 
3°9 | 49000 | 4 4 °7804 | 4 °6331 4 °4310 4 °1785 3 ‘8820 3 9512 3 °2039 | 29012 
4°O | § ‘0000 | 4°9695 | 4 8789 | 4°7298 | 4°5253 | 4°2701 | 3°9708} 3 °6379 2 3 ‘0000 
360° 270° 
180° go? 








* See footnote, preceding table. 


For high waters use the tabular Values as given; but for low waters, alter their signs. 
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composed ofa diurnal and semidiurnal ware. 


[The amplitude of the semidiurnal wave is taken as unity. ] 











HW Phase 100° 110° | 120°? 130° 140° 150° 160° 170° 180° 
LW Phase 280 290 | 300 310 320 330 340 350 360 
0 ‘O | I ‘0000 agoaG Tadeo I ‘0000 I ‘0000 I ‘0000 I ‘0000 I ‘OOOO I ‘0000 
O°I | 0°9839 | 0°9669 | 0 ‘9510 | 0 '9365 0 ‘9238 0 '°9137 0 9062 O ‘9016 O “9000 
0°2 | 0°9702 | 09361 | 0°9038 | 0°8745 0 ‘8489 o ‘8281 o 8127 o 8032 0 ‘8000 
0 °3 | 0°9590 | 0°9076 | 08587 | 08141 0°7751 | ©0°7432} 0°7195 | 0°7049 | 0 °7O00 
0°4 | 0°9503 | 0°8815 | 0°8158 | 0°7554 0 °7025 0 °6591 0 °6267 0 6067 oO ‘6000 
0°5 | 0'9442 | 0°8578 | 0°7750 | 0 6986 0 °6313 0°5758 0 °5342 0 *5087 O “5000 
0°6 | 0°9406 | 0°8367 | 0°7365 | 0 °6436 0 °5614 0 °4933 O “4423 O °4107 O ‘4000 
0°7 | 0°9397 | O°8181 | 0°7004 | 0°5906 0 °4932 0 °4118 0 °3508 0 °3129 O *3000 
0°8 | 09415 | 0°8023 | 0 6667 | 0 °5397 0 °4262 0 °3314 0 *2598 O°2152 O *2000 
0°9 | 0°9460 | 0°78gI | 0°6357 | O'4QII 0 °3612 O'2§21 O °1693 O°1174 O *IO0O 
I ‘oO | 0'9532 | 0°7789 | 0 °6074 | 0°4448 0 *2980 0 °1739 O °0794 O ‘0202 O ‘0000 
I‘r | 0°9632 | 0°7715 | 0°5819 | 0°4012 0 *2368 0 ‘0971 | —o ‘0098 | —0 ‘0770 | —O‘I000 
I ‘2 | 0°9760 | 0°7672 | 0°5595 | 0°3602 0°1778 0 ‘0213 | —o ‘0982 | —o0°1740 | —O°2000 
I°3 | 0°9919 | 0°7661 | 0'5403 | 0°3223 0°1212 | —0‘0§20 | —o°1859 | —0°2709 | —0°3000 
g I°4 | I ‘O105 | 0°7682 | 0°5245 | 0°2874 0 ‘0672 | —0°1239 | —0°2727 | —o0°3674 | —0O°4000 
a 
EB 1°5§ | 1°0322 | 0°7738 | 0°5123 | 0°2561 o'OI61 | —o°1939 | —0°3584 | —0°4637 | —O°5000 
3 1°6| 1°0569 | 0°7830 | 0°5041 | 0°2287 | —0 ‘0326 | —0 ‘2616 | —0°4429 | —0°5597 | —0O ‘6000 
: 1°7 | 10848 | 0°7959 | 0°5002 | 0°2058 | —0 ‘0756 | —0°3266 | —0°5264 | —0°6554 | —0°7000 
= 1°8| 1°1159 | 0°8129 | O'5012 | 0°1879 | —O'r151 | —0°3886 | —o “6082 | —0°7506 | —o ‘8000 
< I°9 | 1°1§04 | 0 ‘8343 | 0°5077 | 0°1765 | —o ‘1487 | —0'4468 | —o0 6882 | —0°8454 | —0O‘go00 
} 
& 2°0 | 1°1882 | 08604 | 0°5210 | 0°1744 | —0°1736 | —O ‘5000 | —0 "7660 | —0 ‘9397 | —I ‘0000 
B 2°1 | 12296 | 08919 —o ‘8412 | —I ‘0333 | —I ‘1000 
= 2°2 | 1°2748 | 0'9298 —0O ‘9126 | —1°1262 | —I ‘2000 
=) 2°3 | 1°3238 —1°2182 | —I ‘3000 
<q 2°4 } 1°3770 —I "3090 | —I "4000 
2°5 | 1°4348 —1°3984 | —1 ‘5000 
2°6 | 1 °4979 —1°4855 | —I ‘6000 
2°7 —I *7000 
2°8 — I ‘8000 
2°9 —I *gooo 
30 —2 ‘0000 
3°1 —2 ‘1000 
3°2 — 2 °2000 
3°3 — 2 *3000 
3°4 —2 *4000 
3'5 — 2 "$000 
3°6 —2 "6000 
3°7 2 °*7000 
3°8 — 2 ‘8000 
3°9 
4°0 





ba 
{ When 6 is not exactly equal to 4 a, mean value =1 + (tabular value — 1) ‘ . 


Table 18 is a graphic form of this table. 


The above column of mean values may be compared with expression (29), Part III, and with the last column 
of Table 21. 
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TABLE 46.—Hyperbolic functions. 





u v sinh w cosh # tanh « 
@ SS e" e* 
In man her In degrees. =tanyv = sec Vv = sin v 
° ° o 
0°00 | 0°000000 0°0000 | 0°0000 0°000 | O’0000 | I°0000 | O*0000 | I°0000 | 1°0000 
0°02 I°1459156 0°0200 1°1458 I°I45 | 0°0200 | 1°0002 | 0°0200| 1°0202 | O'g802 
o'04 | 2°291831 O'0400 | 2°2912 2°288 | o'o400 | 1°0008 | o'o400 | 1°0408 | 0.9608 
0°06 | 3°437747 0°0600 | 3°4357 3°428 | o'0600; r'o018 | o'0599 | 1°0618 | 079418 
0°08 | 4°58366 0°0799 | 4°5788 4°561 | o'oS8ol 1°0032 | 0°0798 | 1°0833 | 0°9231 
O'IO , 5°72958 0°0998 | §°720 5°693 | 0.1002 1‘0050 | 0'0997 1°1052 | 0°9g048 
O'12 | 6°87549 O°1197 | 6°859 6811 | 0°1203 | 1°0072 | O'TI94 | 1°1275 | O°8869 
0714 ' 802141 0°1395 | 7°995 7°917 | O°1405 1°0098 | O°139I I°1503 | 0°8694 
0°16 ; 9°16732 0°1593 |! 9°128 Q’OII | 0°1607 10128 | 01586, 1°1735 | O°8521 
0°18 | 10°3132 0°1790 | 10°258 to‘'100 | o'r810 | 10162 | 0°1781 1°1972 | 0°8353 
0°20 | I1°4592 0°1987 | 11°384 I1°167 | 0°2013 1°0201 | 0O°1974 | 1°2214 | 0°8187 
0°22 , 12°6051 0°2183 | 12°505 12°216 | 0°2218 | 1°0243 | 0°2165 1°2461 | 0°8025 
0°24 | 13°7510 0°2377 | 13°621 13°254 | 0°2423 | 1°0289 | 0°2355 | 1°2712 | 0°7866 
0°26 | 14°8969 O°2571 | 14°732 14°271 | 0°2629 | 1°0340; 0°2543 1°2969 ; O'77II 
0°28 | 16°0428 0°2764 | 15°837 15°265 | 0°2837 | 1°0395 0°2729 | 1°3231 ; 0°7558 
0°30 | 17°1887 0°2956 | 16°937 16°245 | 0°3045 | 1°0453 | 0°2913 | 1°3499 | 0°7408 
0°32 18°3346 0°3147 | 18°030 17°197 | 0°3255 1°0516 | 0°3095 1°3771 | 0O°7261 
0°34 19°4806 0°3336 | 19°116 18°134 | 0°3466 1°0584 | 0°3275 I°4049 | O°7118 
0°36 | 20°6265 0°3525 , 20°195 19045 | 0°3678 | 1°0655 | 0°3452 | 1°4333 | 0°6977 
0°38 §621°7724 0°3712 | 21°267 19°935 | 0°3892 1°0731 | 0°3627 1°4623 | 0°6839 
O'4O 22°9183 0°3894 | 22°331 20°801 | o'4108 | r'o811 | 03799 | 1°4918 | 0°6703 
O°42 , 24°0642 0°4082 | 23°386 21°648 | 0°4325 170895 | 0°3969 | 1I°5220 | 0°6570 
0°44 25°2101 0°4264 24°434 22°470 | 0°4543 | 10984, 0°4136 | 1°5527 | 0°6440 
0°46 26°3561 0°4446 | 25°473 23°275 | 0°4764 1°1077 | 0°4301 I°5841 0°6313 
0°48  27°5020 0°4626 | 26°503 24°045 | 0°4986 | I°1174 | 0°4462 | 1°6161 | 0°6188 
0°50  28°6479 0°4804 | 27°524 24°803 | O°5211 1°1276 | 0o°4621 1°6487 | 0°6065 
0°52 29°7938 0°4980 | 28°535 | 25°533 | 075438 | 1°1383 | 0°4777 | 1°6820 | 0°5945 
0°54 30°9397 O°5155 | 29°537 26°245 | 0°5666 | 1°1494 | 0°4930 | 1°7160 | 075827 
0°56 32°0856 0°5328 | 30°529 26°930 | 0°5897 | 1°1609] 0O°5080 | 1°7507 | 0°5712 
0°58 | 33°2316 0°5500 | 3I°51I 27°595 | O°6131 1°1730 | 0°5227 1°7860 | 0°5599 
0°60 | 34°3775 0°5669  32°483 28°237 | 0°6367 1°1855 | 0°5370, 1°8221 ' 0°5488 
0°62 | 35°5234 0°5837 | 33°444 28°861 | 076605 | 1°1984 | O'5511 1°8589 | 0°5379 
0°64 , 36°6693 0°6003 | 34°395 | 29°462 | 0°6846 | I'2119 | 0°5649 | 1°8965 | 0°5273 
0°66 | 37°81§2 0°6167 | 35°336 30°045 | 0°7090 | 1°2258 | 0°5784 | 1°9348 |} 0°5169 
0°68 | 38°96I1 0°6329 | 36°265 30°604 | 0°7336 | 1°2402 | O'5915 1°9739 | 0°5066 
0°70 40°1070 0°6489 | 37°183 3I°149 | 0°7586 | 1°2552 |} 06044 ; 2°0138 | 0°4966 
0°72 , 41°2530 0°6648 | 38°091 31°670 | 0°7838 | 1°2706 | 0°6169; 2°0544 , 0°4868 
0°74 | 42°3989 0°6804 | 38°987 32°174 | o°8094 | 1°2865 ; 0°629g1 2°0959 | 0°4771 
; 0°76 | 43°5448 0°6958 | 39°872 | 32°663 | 0°8353 | 1°3030 | O°6411 | 2°1383 | 0°4677 
0°78 | 44°6907 O°'7111 | 40°746 33°132 | o°8615 1°3199 | 0°6527'' 2°1815 | 0°4584 
o’So | 45°8366 0°7261 | 41°608 33°587 | o°8881 1°3374 | O°6640 + 2°2255 | 074493 
0°82 , 46°9825 O°7412 | 42°460 34°025 | O'9150 | 1°3555 | 0°6751 2°2705 | 0°4404 
o'84 ° 48°1285 0°7557 ; 43°299 34°446 | 0°9423 | 1°3740 | 0°6858 | 2°3164 | 0°4317 
o°S6 . 49°2744 0.7702 | 44°128 34°848 | 0°9700 | 1°3932 | 0°6963 2°3632 | 0°4232 
0838 | 50°4203 o°7844 | 44°944 35°238 | o°ggSI 1°4128 | 0°7064 | 2°4109; 0°4148 
o'90  -§1°5662 0°7985 | 45°750 | 35°613 | 1°0265 | 1°4331 , 0°7163 | 2°4596  0°4066 
0°92 §2°7121 0°8123 | 46°544 35°976 | 10554 | 1°4539 | 0°7259 , 275093 | 073985 
0°94 | 53°8580 0°8260 | 47°326 | 36°323 | 170847 | 1°4753 | 0°7352 | 275600 073906 
0°96 | 55°0039 0°8394 | 48°097 | 36°660 | 171144 | 1°4973 | 0°7443 | 2°6117 | 0°3829 
0°98 | 5671499 0°8528 | 48°957 | 36°983 | 1°1446 | 1°5199 | 0°7531 | 2°6645 | 0°3753 
1°00 | §7°2958 0°8658 | 49°605 37°293 | 11752 | 1°5431 , 0°7616 | 2°7183 , 0°3679 
1°02 | §3°4417 0°8787 | 50°343 37°593 | 1°2063 | 1°5669 | 0°7699 | + 2°7732 | 0°36059 
1°04 | 59°5876 0°8913 | 51°069 =| 37°880 | =1°2379 | 1°5913 | 0°7779 | 2°8292 | 0735345 
1°06 | 60°7335 0°9038 | 51°783 38°158 1°2700 , 1°6164 ; 0°7857 | 2°8864 | 0°34646 
1°08 | 61°8794 0°9160 | 52°485 38°423 | 1°3025 1°6421 | 0°7932 | 2°9447 | 0°33960 
1°10 | 63°0254 0°9281 | 5§3°178 38°677 | 1°3356 | 1°6685 | o°8005 | 3°0042 | 0°33287 
1°12 | 64°1713 0°9400 | 53'860 38°924 | 1°3693 | 1°6956' 0°8076 | 3°0649 | 0°32628 
I°l4 | 65°3172 0°9518 | 54°531 | 39°160 | 1°4035 1°7233 | o°8144 3°1268 | 0°31982 
1°16 , 66°4631 0°9632 | 55°189  39°387 1°4382 1°7517 | O'8210 , 3°1899 
1°18 | 67°6090 0°9745 | 55°837 39°607 | 1°4735 | 1°7808 | 0°8275 = 3°2544 
1°20 | 68°7549 0°9857 | 56°476 || 59°817 | 175095 ! 1°8107 | 0°8337 | 3°3201 
| ! 














@ = the angle at the center of the hyperbola made by any secant line and the transverse axis of the hyperbola. 
«= twice the area of the hyperbolic rector thus determined, the length of the semiaxis being unity. 

tan 6 = tanh x. ' 

v=an auxiliary angle called the gudermanian,* such that the equations of the hyperbola are 7 = secv, vy = tan v, 


* For representations of this angle and for further particulars concerning hyperbolic functions see Chapter IV, 
by James McMahon, in Merriman and Woodward's Higher Mathematics; and Hoiiel, Recueil de Formules et de 
Tables numérique. Newman and Glaisher have tabulated ¢—* and ¢- in the Transactions of the Cambridge Phil. 
Soc., Vol. 13 (1883), III. 














“ 


In degrees. 


103°1324 
104°2783 
1054242 
106°5702 
107°7161 
108°8620 


110°0079 : 
III'1538 


112°2997 


113°4456 : 


114°5916 
IIS¥7375 
116°8834 
118°0293 
119°1752 
120°3211 
121°4671 
122°6130 
123°7589 
_ 12479048 
| 126°0507 
127°1966 
128°3425 
129°4885 
130°6344 
131°7803 
132°9262 
134°072I 
135°2180 
136°3640 
137°5 

138°655 
139°8017 
140°9476 
142°0935 
143°2394 


148°9690 
154°6986 
160°4282 
166°1578 
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TABLE 46.— Hyperbolic functions—Continued. ° 


v 


lin degrees. 





°o 


© 57°103 


57°721 
58°328 
58°925 
99511 
60°087 
60°654 
61°212 
61°758 
62°295 
62°823 
63°343 
63851 
64°351 
64°543 
65°327 
65 ‘800 
66°265 
66°728 
67°171 
67°612 
68°045 
68°469 
68°885 
69°294 
69°696 
70091 
70°476 
70°856 
71°228 
71593 
71°952 
72° 303 
72°649 
72°987 
73°319 
73°645 
73966 
74°274 
74°584 
'74°886 
75 183 
75°472 
75°758 
76037 


» 70°311 


76°578 


* 76°843 


77°102 
77°354 
77603 
77°848 
78°084 
78°320 
78°549 
78°73 
78°996 
79°212 
79°425 
79°633 
79°836 
80°037 
80°233 
80°426 
80°615 


81°504 
82°310 
83040 
83°701 





a A SS a a en 
re ~ 


° 
40°023 
40°215 
40°401 
40°582 
40°7$3 
40°920 
41°080 
41°232 
41°380 
41°§23 
41°657 
41°788 
41915 
42°034 
42°148 
42°26! 
42°370 
42°473 
42°§7! 
42°668 
42°756 
42°846 
42°930 
43013 
43090 
43°166 
43 °233 
43°303 

.43°373 


43°433. 


43°497 
43°556 
43615 
43666 
43°720 
43°770 
43°816 
43°864 
43910 
43°950 
43°993 
44°032 
44°070 
44°108 
44°145 
44°177 
44°208 
44°239 
44°270 
44°297 
44°327 
44°352 
44°378 
44°402 
44°425 
44°449 
44°469 
44°490 
44°51! 
44°532 
44°549 
44°565 
44°582 
44°598 
44°616 


44°683 
44°74! 
44°787 
*44°828 


sinh sz 


=tanv 


1°5460 
1°5831 
1°6209 
1°6593 
1°6984 
1°7381 
1°7786 
1°8198 
1°8617 
1°9043 
1°9477 
I'9919 
2°0369 
2°0827 
2°1293 
2°1768 
2°2251 
2°2743 
2°3245 
2°3756 
2°4276 
2°4806 


ee SP tp Sp A a SSS Ssh hs SSS Sf SSS pe 
roe * 


cosh 


=sec v 








tanh zw 


=sin v 


3°3872 
3°4556 
3°5254 
3°5966 
3°6693 
3°7434 
3°8190 
3°8962 
3°9749 
4°0552 
4°1371 
4°2207 
4°3060 
4 3929 
4°4817 
4°5722 
4°6646 
4°7588 
4°8550 
4°9530 
5°0531 
5°1552 
5°2593 
5°3656 
5°4739 
5°5845 
5°6973 
58124 
5°9299 
6°0496 
6°1719 
6°2965 
6°4237 
6°5535 
6°6859 
6°8210 
6°9588 
7°0993 
7°2427 
7°3891 
7°5383 
7°6906 
7°8460 
8°0045 
8°1662 
8°3311 
8°4994 
8°6711 
8°8463 
9°0250 


 9°2073 


9°3933 
9°5831 
9°7767 
9°9742 
10°1757 


10°3812. 


10°5909 
10°8049 
I1°0232 
11°2459 
11°4730 
11°7048 
I1°Q413 
12°1825 


13°4637 
14°8797 
16°4446 
18°1741 


0°29523 
0°28938 
0°28365 
0°27804 
0°27253 
0°26714 
0°26185 
0°25666 
0°25158 
0°24660 
O°24171 
0°23693 
0°23224 
0°22764 
0°22313 
0.21871 


021438 


O°21014 
0°20§98 
0°20190 
0°19790 
0°19398 
O°19O14 
0° 18637 
0°18268 
0°17907 
0°17552 
0°17204 
0° 16864 
0°16530 
0°16203 
0°15882 
0° 15567 
0°15259 
0°14957 
0° 14661 
0°14379 
0°1 4086 
0°13807 
0°13534 
0°13266 
0°13003 
O°12745 
0°12493 
0'12246 
0°12003 
O°11765 
O°T1533 
O°11304 
0°11080 
O° 10861 
0° 10646 
0°10435 
0°10228 
0°10026 


0°09827 


0°09633 


0°09442 
0°09255 
0°09072 
0°08892 
0°08716 
0°08543 
0°08374 
0°08208 


0°07427 
0°06721 
0'06081 
0°05502 





615 


616 


TaBLE 46.—Hyperbolic functions—Continued. 










u v sinh 2 cosh tanh « 
6 —<——= | — = e* 
In degrees. =tanv = sec v = sin v 
°o ° 
3°00 | 171°8873 44°861 | 10°0179 | 10°0677 | 0°9951 | 20°0855 | 0°04979 
3°10 | 177°6169 44°883 | 11°0765 | 11°1215 | 0°9959 | 22°1980 | 0°04505 
3°20 | 183°3465 44°906 | 12°2459 | 12°2866 | 0°9967 | 24°5325 | 0'04076 
3°30 | 189°0761 44°925 | 13°5379 | 13°5748 | 0°9973 | 27°1126 | 0°03688 
3°40 | 194°8057 44°936 | 14°9654 | 14°9987 | 0°9978 | 29°9641 | 0'03337 
3°50 | 200°5352 44°9A8 | 16°5426 | 16°5728 | 0°9982 | 33°1155 | 0°03020 
3°60 | 206°2648 44°961 | 18°2854 | 18°3128 | 0°9985 | 36°5982 | 0°02732 
3°70 | 211°9944 44°966 | 20°2113 | 20°2360 | 0°9988 | 40°4473 | 0°02472 
3°80 | 217°7240 44°971 | 22°3394 , 22°3618 | O'9990 =| 44°7012 | 0°02237 
3°90 | 223°4535 oe 24°6911 | 24°7113 | 0°9992 | 49°4024 | 0°02024 
4°00 | 229°1831 44° 27°2899 | 27°3082 | 0°9993 | 54°598I | 0°01832 
5°00 | 286°4789 44°989 | 74°202 | 74°208 | 0°9999 | 148°41 | 0°006738 
6°00 | 343°7747 44°993 } 201°7I | 201°72 | 0°9999 | 403°43 | 0°002479 
7°00 | 401°0705 45°000 | 548°35 | 548°35 | I°0000 | 1096°6 | o’000912 
8°00 | 458°3662 45°000 | 1490°5 | 1490°5 | I°0000 | 2981°0 | 0°000335 
g‘00 | 515°6620 45°000 | 4051°6 | 4051°6 | I°0000 | 8103'1 | O’000123 
: 572°9578 45°000 | IIOI3°2 | II013°2 | 1°0000 | 22026°5 | O°000045 . 
45°000 co oo 1*0000 oo fe) 


sinh « = <—— minh 








, cosh «= tanh « = 


2 9 


TABLE 47.—Period of a ware. 


Length of wave in feet (A). 





e“* —e“ 
cosh « ~ e* +e-“° 
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Depth of 
water (4). 
1 10 Too I 000 10 000 100 000 I 000 000 To 000 OOO 
Feet. Seconds. Seconds. Seconds. Seconds. Seconds Seconds. Seconds, Seconds. Seconds. 
I 0°442 1°87 17°64! 176°29 1762°9 17629 176295 1762947 | 17629473 
10 0°442 1°3 5922 | 55°789 | 557°5! 5575°t | 55751 557508 | 5575085 
100 0°442 1°398 4°419 18°726 176°41 1762°9 | 17629 176295 1762947 
I 000 0°442 1°398 4°419 13°975 59°218 557°89 | 55751 5575! 557508 
IO 000 0°442 1°398 4°419 13°975 | _44°192 187°26 | 1764°1 17629 176295 
100 000 0°442 1°398 4°419 13°975 | 44°192 139°75 | §92°18 





The period (7) of a wave is determined by the equation 


2aA 2ah 0°1953 A 
rz —_—___-. = 
gz / ee aa 62831855 











where g is taken equal to 32°1722 feet per second, as in this table; or 


rt _0°195373 A_ 
tanh 6283185 + 





if g is taken equal to 32°16. 






Depth of wate 
(2). 
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TABLE 48.— Ware velocity. 


Length of wave in feet (A). 


APPENDIX NO. 9. 


——_—_——— | | SS |) sO | ee 


Ft./ sec. 


I Io 
Ft./ sec 
2°262 5°340 
2°262 7°156 
2°262 7°156 
2°262 7°156 
2°262 7°156 
2°262 7°156 


Ft./ sec. \% Ft./ sec. 
5668 


16°89 
22°63 
22°63 
22°63 
22°63 


226°3 


The wave velocity, i. e., velocity of propagation, is 


Tables 47 and 48 are adapted from Airy’s Tides and Waves. 





0°O2 


0°03 
0°04 
0°05 
0°06 


0°07 
0’08 
0°09 


A /t. 


5°672 
17°94 
56°72 
179°4 


566°8 
1689 


Io OOO 000 100 000 000 
Fl./ sec. Ft./ sec. 
5672 5672 
17°94 17°94 
56°72 56°72 
179.4 179°4 
567°2 567°2 
1793 1794 


TABLE 49.—Ratio of vertioal to horizontal azes of elliptic orbits of water particles. 





| 
| 

ae | eneet, 
| 


ant Ratio of 
A axes. 

0°0000 0°0000 
0°0628 0°0627 
0°1257 0°1250 
0°1885 0°1863 
0'°2513 0°2461 
0°3142 0°3042 
0°3770 0°3601 
0°4398 0°4134 
0°5027 0°4642 
0°5655 0°5120 


oA ant 

A FY 

O°10 0°6283 
O'12 0°7540 
o'14 .0°8796 
0°16 1°0053 
0°18 1°1310 
0°20 1°2566 
0°25 1°5708 
0°30 1°8850 
0°35 2°I99I 





Ratio of 
axes. 


0°5568 
0°6375 
0°7062 


0°7638 | 


o'8113 
o°8501 


o'9I71 


0°9549 | 


0°9757 





| 


A 
A 


0°40 
0°50 
0°60 
0°70 
o 80 
0 90 
1°00 


10°00 


y 
2a. 
7 


2°5133 
3°1416 
3°7699 
4°3982 
5°0265 
5°6549 
6°2832 


62°8319 
@ 


617 


Infinite. 


Fi./ sec. 
5°672 
17°94 
56°72 
179°4 
567°2 
1794 





Ratio of 
axes 


| a 
CE eT ee 





The maxitium horizontal displacement at the bottom (where y= 0) being 4, and 24, the distance between the 
foci of the elliptic orbits, the maximum displacements for other depths are: 


which is the ratio tabulated above. 


=tanh27 


J 


’- 


x= Ai cosh ly=A cosh 2 nz, 


=A sinh ly =A sinh2x 3; 
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TABLE 50.— Propagation of a free tide wave along a uniform channel. 


| Depths. Velocity of propagation. 


Wave 





Time required to travel Difference in phase of tide wave | : 























Fath- Feet per manta Statute statute : +7 per statute) - 

ome Feet second: mil es, per aa Det miles. 1foot. {rnaut. mile. 1 stat. mile. mile. per foot. 
S. h. h. ° sd Radians. 
fe) oO 0°000 0°000 0°000 0°00 [0°00 [00000 
I] 5°672] 3°358| 3°867| 48°03 | 071763 | 0°2978 =| 0°2586 7°4953 | 14196 2478 
2 8°022 4°750 5°469 67°93 | 0°1247 O'2105 0°1828 5°2996 10037 1752 
3 9°824 5°317 6°698 83°20 | O'IOIS8 O°1719 0°1493 4°3269 08195 1430 
4; 11°344 6°717 77395 96°07 _ 0'08818 | 0°1489 0°1293 3°7472 07097 1239 
5 | 12°683 7°510 8-648 | 107°41 | 0°07886 | 0°1332 O°1156 3°3517 06348 1108 
I 6 13894 8°226 9°473 117°66 | O°07199 | 0°1216 0°1056 30597 05795 IOI! 
7 | 15°007 8°886 | 10°232 | 127°09 | 0°06662 | O°1125 0°09775 2°8327 05365 0936 
8 | 16°043 9°499 | 10°938 | 135°86 ; 0°06234 | 0°1053 | O'OQI4I 2°6498 | 05019 | 0876 
9} 17°016} 10°075 | I1°602 | I44°10 | 0°05877 | 0°0992I_ =| 0°08621 2°4983 04732 0826 
10 | 17°937 | 10°620 | 12°230 | I51°90 | 0°05574 | 0°09416 | 0°08177 2°3700 04489 0783 
II 18°812 1I‘139 12°826 | 159°31 | 0°05316 | o'08985 | 0°07794 2°2597 04280 0747 
2 12} 19°649 |] 11°634 | 13°397 | 166°40 | 0°05089 | 0°08598 | 0°07463 2°1635 04098 0715 
13 | 20°451 I2°109 13944 173°19 | o7048g90 | 0°08258 | 0°07174 2°0785 03937 0687 
14 | 21°223 12°566 14°470 | 179°73 , 0°04713 | 0°07955_ | O'O6QII1 2°0030 03794 0662 
15 | 21° 13°007 14°978 | 186°04 | 0°04552 | 0°07686 | 0°06676 1°9351 03665 0640 
16 | 22°688 | 13°434 15°469 192°14 | 0°04407 | 0°07446 | 0°06464 1°8737 03549 0619 
17 | 23°387 | 13°847 | 15°945 | 198°05 | 0°04275 | 0°07220 | 0°06270 1°8177 03443 0601 
3 18 | 24°065 | 14°249] 16°408 | 203°79 | 0°04156 | 0°07018 | 0°06094 1°7664 03345 0584 
4 24 | 27°787 | 16°453 | 18°946 | 235°32 | 0°03598 | 0°06079 | 0°05277 1°5298 | 02897 | 0506 
5 30 | 31°067 | 18°395 | 21°182 | 263°09 | 0°03219 | 0°05435 | 0°04721 1°3683 | , 02591 0452 
6 36 | 34°032 | 20°151 | 23°204 | 288°21 | 0°02939 | 0°04963 | 0°043I0 1°2491 02366 O41 3 
7 42 | 36°759 | 21°765 | 25°063 | 311°30 | 0°02720 | 0°04593_ | 0°03990 1°1564 02190 0382 
8 48 | 39°297 | 23°268 | 26°794 | 332°79 | 0°02545 | 0°04297 | 0°03733 10818 02049 0358 
9 54 | 41°681 24°680 | 28°419 | 352°98 | 0°02399 | 0°04052 | 0°03519 1°O199 01932 0337 
IO 60 | 43°936| 26°014 | 29°956 | 372°07 | 0°02276 {| 0°03845 | 0703338 0°9675 01832 0320 
5 g90 | 53°810 | 31°861 | 36°688 | 455°69 | 0°01858 | 0°03139 | 0°02726 0°7900 01496 0261 
20 120 | 62°134 | 36°790 | 42°364 | 526°19 | O°OI1610 | 0'02718 | 0°02361 0°68 42 01296 0226 
30 180 | 76°099 | 45°058 | 51°885 | 644°45 | 001314 | 0°02219 | 0°01927 0°5586 01058 o185 
40 240 | 87°871 | 52°029] 5§9°912 | 744°14 | 0°01138 | O’01922 | 001669 0°4838 00916 OI60 
50 300 | 98'243 | 58170] 66°984 | 831°98 | o‘o1018 | O’OI7I9 | 001493 0°4327 00820 0143 
60 360 | 107°620 | 63°722 | 73°377 | 9QII°39 | 0°009294 | 0°01569 | 001363 0°3950 00748 O13I 
70 420 | 116°243 | 68°828 | 79°256 | 984°41 | 0°008606 | 0°01453 | 0°01262 0°3657 00693 O12! 
-8o 480 | 124°268 | 73°580 | 84°728 | 1052°38 | o°008045 | 0.01359 | o’01180 0°3421 00648 O1T3 
go 540 | 131°807 | 78°043 | 8g9°868 | 1116°22 | 0°007587 | o'01281 | O’OTII3 0°3225 OO6I1 I O107 
100 600 | 138°936 | 82°265 | 94°729 | 1176°60 | 0°007199 | O'01216 =| O'01056 0°3060 00579 OIOI 
150 goo | 170°162 | 100°754 : 116°019 | 1441°03 | 0°005877 | o0°00992_ | 0'00862 0°2498 00473 0083 
200 1200 | 196°486 | 116°340 | 133°968 | 1663°96 | 07005089 | 0°008598 | 0°007463 | 0°2163 | 00410 0072 
300 1800 | 240°645 | 142°487 | 164°076 | 2037°92 | O°004156 0°007018 | 0°006094 | 0°1766 00334 0058 
400 | 2400 | 277°373 | 164°530 | 189°459 | 2353°19 | 0°003598 | 0°006079 | 0°005277 | O°1530 | 00290] 0051 
500 3000 | 310°671 | 183°950 | 211°821 | 2630°95 | 07003219 | 0°005435 | 0°004721 | 0°1368 00259 0045 
600 3600 | 340°323 | 201°507 | 232°039 | 2882°06 | 0.002939 0°004963 | 0°004310 | O°1249 00237 OO4I 
vi 4200 | 367°591 | 217°653 | 250°630 | 3112°98 | 0°002720 | 0°004593 | 0°003990 | O°1156 00219 0038 
800 4800 | 392°97I | 232°680 | 267°935 | 3327°91 | 0°002545 | 0°004297 | 0'003733 | O°1082 00205 0036 
goo 5400 | 416°809 | 246°795 | 284°188 | 3529°79 | 0°002399 | 0°0040§2 | 0°003519 | O°1020 00193 0034 
1000 6000 | 439°356 | 260°145  299°561 | 3720°72 | 0°002276 | 0°003845 | 0.003338 | 0°0967 00183 0032 
1500 gooo , 538098 | 318611 | 366°S85 | 4556-94 | 0'001858 | 0°003139 | 0002726 | 0'0790! OOI50 0026 
2000 | 12000 | 621°342 | 367°900 | 423°643 | 5261°90 | O°00I6I10 | 0°002718 | 0°002361 | 0°0684 , 00130 0023 
3000 | 18000 | 760°986 | 450°584 | 518°854 | 6444°48 |; 0°001314 | 0°002219 | 0001927 | 0°0559 | 00106 OOIg 
4000 | 24000 | 878°71f | 520°289 | §99°12I | 7441°44 | 0°001138 | O°001922 | O'001669 | 0°0484 00092 oo16 
5000 | 30000 | 9$2°428 | 581°701 | 669°838 | 8319°78 | o’oo1018 | OOO1719 | O°00T493 | 0°0433 | 00082 OO14 
6000 | 36000 oe 637°222 | 733°770 | 9113°87 | 0°000929 ! 0°001569 | 0°001363 | 0°0395 , 00075 0013 
7000 - 42000 '1162°43, | 658°278 | 792°563 | 9844°10 | O'000861 ~=—-0'001 453, | 0°001262 | 0°0366 ' 00069 OOI2 
8000 48000 |1242°68 | 735°800 , 847°283 |10523°79 | O’000804 | 0°001359 | O’'00T180 | 0°0342 00065 OOI! 
gooo | 54000 |1318°07 | 780°434 | 898°682 |11162°17 | 0°000759 0°00! 281 | O’OOTII3Z | 0°0323 00061 OOII 
10000 | 60000 |1389°36 | 822°650 947°294 |11765°96 | 0°000720 | 0°001216 | 0001056 | 0°0306 00058 OOo1IoO 





| 











Velocity =V gh ee 
where 4 = the undisturbed depth in feet and g = the acceleration of gravity, assumed to be 32°1722 feet per second 
in this computation. 
If 

7™= the periodic time (= 12°4206012 solar hours or = ¥% lunar day for the tide wave), then 


A, or wave-length, = t Veh feet ee Vgh miles. 
: , 360° 
Difference in phase =: T 


The nautical mile is taken as 6080 feet. 


| Depth. 


Fath. 
25 


2 100 
2 200 
2 300 
2 400 
2 S00 
2 600 
2 700 
2 800 
2 goo 
3 000 
3 100 
3 200 
3 300 
3 400 
3 500 
Feet. 

100 


I 000 
2 000 
3 000 
4 000 
5 000 
6 000 
7 000 
8 000 
g 000 
10 000 
II 000 
12 000 
13 000 
14 000 
15, 000 
16 000 
17 000 
18 000 
19 000 
20 000 





ee a ne er gg i 


Per lunar hour. 


Degs. 
0°7096 
1°0035 
1"4Igi 
2°0070 
3°1733 
4°4877 
54963 
6° 3467 
6°5033 
66563 
6°8059 
6°9523 
70957 
7° 2362 
7°3740 
7°5094 
7°6423 
7°7729 
79014 
$0278 
8°1523 
8°2750 
8°3957 


0°5794 
1°2955 
1°8321 


| 


2°§g10 , 


3°1733 
36642 
40968 
4°4878 
43473 
§'1820 
5°4963 
5°7936 | 
6'0764 
6°3466 
6:6058 | 
6°8551 | 
7°0957 | 
7°32%4 
7°5540 
7°7729 
79859 | 
81934 


APPENDIX NO. 7. 


Velocity of propagation. 


| Sea 
meles. 


42°57 | 
60°21 
85°15 
120°42 
190°40 
269° 26 | 
329°78 
380°50 
390° 20 
399°38 
408° 36 
41714 
425°74 
434.17 
442°44 , 
450°56 | 
458°54 


466° 38 
474°99 
481°67— 
489° 14 
496° 50 
503°74 | 
34°76 
77°72 | 
109'93 | 
15546 | 
190°40 
219°86 , 
245°80 | 
269° 27 | 
290°84 
310'g2 
329°78 
34762 
364'58 | 
80°80 | 
396°34 | 
411°31 | 
425°74 
439°70 
453°24 
466°38 
47916 
49160 








Stat. 
miles. 





49 02 
69°33 | 
98°05 | 
138°66 | 
219°24 | 
310°06 | 
379°74 
438°49 
449°32 
459°59 
470° 23 
480° 34 
490° 25 
499°96 | 
§09°48 
518°353 
§28'o1 
53704 
545°92 
554°65 
56325 
571°72 
§80°07 





40°03 

89°51 
126°58 
179'01 
219° 24 
253°16 
283°05 
310°06 
33490 
358°03 
379°74 
400° 29 
419°82 
438°49 
456°40 
473 62 
490°25 
506° 32 
§21'91 
$37°04 
55175 
56609 





| Per solar h 
“= =| 
| 


our. 
Sea Stat. 
Degs. miles. miles. 
0°6855 arts 7°36 
"9695 S17 66'99 
13711 | 82°26 | 94°73 | 
19390 , 11634: 133°97 
30658 183°95 | 21182 
473358 | 26015 29956 
§°3102 31861 36688 
671317 | 367°90 | 423764 
62831 | 37699 | 434°10 
64309 | 35536 | 9 444°32 
6'5754 | 394°53 | 454730 | 
67169 | 40301 | 464°08 | 
6°8554 | 41132 | 473764 | 
69912 419°47 | 483°03 ! 
771243 427746 | 492°23 | 
7'2551 | 43531 | §o01'26 
7°3835 | 4430! , Storrs 
7°5097 | 450°58 | 518°85 
76339 | 455°03 | 527°43 ) 
7°7560 | 465736 | 535°87 
78762 | 472°57 | 544718 | 
7:9947 ; 479°68 | §52°36 | 
S'1114 | 486°69 560°43 
| 

0°5598 | 33°58 | 38°67 i 
1°2516 75/10 86°48 
1°7701 106°20 122°30 , 
2°§032 1§0°I9g 172°95 
30658 18395 211°82 
3°S401 | 212°4t | 244°59 | 
39580 | 237°48 | 273°46 
4°3358 | 260'15 | 299°56 | 
4°6831 | 280°99 | 323°56 
§°0065 | 300°39 | 345°90 
53102 31861 366'88 
55974 | 335°84 ; 386°73 
58706 352°24 40561 
6°1317 ms 42364 
6°3821 382'92 440°94 | 
66230 | 397738 | 457°59 
6°8554 | 410321 473°64 
7°0802 424°81 48918 
7°2982 | 437789 | 04°23 
7'5097 | 450°58 | 518°B5 | 
777185 | 462°93 | §33°07 
79159 | 47496 ' 546°92 
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Sea 
miles. 

510°9 

722°5 
1 021°8 
I 445'0 
2 284'8 
3 231°2 
3 957°3 
4 569°6 
4 682°4 
4 792°6 
4 900°3 
5 005°7 
5 108'9 
§ 210°! 
5 309°3 
5 4068 
5 502°5 
5 596°5 
5 68g'0 
5 780°0 
5 869°7 
5 958'0 
6 044°9 


417'1 
932'8 
3191 
865°5 
284°8 
6383 
949°7 
231°2 
490°1 
Fal ‘oO 
957°3 
1704 
3750 
569°6 
71 
935°7 
108°9 
276°4 
438°8 
596°5 
7499 
5 899°2 


-_— 


TABLE 51.—Velocity and length of tide wave. 





OUTLINES OF TIDAL THEORY. 


697 


Wave length. | 
| od 
Solar. 
Stal. Sea Stal, 
miles, Degs. miles. | mules. 
588°3 8°226 493°6 568°4 
§32°0 11°634 698°1 803'8 
1 176°6 | 16°453 987'2 | 1 1368 
1 664°0 23°268 | 1 3961 | 1 607°6 
2 630°9 36°7g0 | 2 207°4 | 2 541°8 
3.7207 | §2°029 | 3.1218 . 3 5947 
4 5569 | 63°722] 3 823°3| 4 402°6 
5 2619 | 73°580 | 4 414'8 | 5 083°7 
5 3918 | 75°397 | 4 523°8 | 5 209°3 
5 518°7 | 77°171 | 4 630°3  § 331°8 
5 642°7 | 78°905 | 47343 5 4516 
5 764°1 | 80°603 | 4 836°2. § 568'9 
5 88370 | 82°265 | 4 93599 5 683°7 
5 9995 | 83°894 | 5 033°6 5 796°3 
6 1138 | 85°492 | 5 1295 5 906'7 
6 2260 87°061 | § 223°7: 6 0151 
6 3361 88°602 | § 316°1 | 6 121°6 
6 444'5 go°117 | 5 40770 6 226°2 
6 5510 | gt'6o~ = § 4964 6 3,29'2 
6 655°3 | 93072 | 5 584°3 6 430°4 
6 759°0 | 94°515 | 5 670°9 | 6 530°! 
6 860°7 | 95°937 | 5 756°2 | 6 6264 
6 960°8 | 977337 | 5 840°2 | 6 72571 
480°3 6°717 403°0 | 464°1 
1 074°! 15019 go1‘2 “a 037°7 
I §19'0 21°24! | I 274°4 ! 1 467°6 
2 148°! 307038 | 1 082°3 | 2 07574 
2 630°9 | 36°790 | 2 207°4 | 2 541°'8 
3 038'0 | 42°482 | 2 548'9 | 2 935°1 
3 3966 | 47°496 | 2 849°8 | 3 281'5 
3 7207 | §2°029 | 3 1218 | 3 5948 
4018's | 56°198 | 3 371°9 3 882°7 
4 296°3 | Goro7s | 3 604'7 4 150°8 
4 556°9 | 63°722 | 3 823°3 | 4 402°6 
4 803°4 | 67°169 | 4 03071 ; 4 640°8 
5 03799 | 70°448 | 4 226°9 ' 4 867°3 
5 261°9 | 73°58 | 4 414°8 | 5 083°7 
5 476°8 | 76°585 | 4 595°1 | § 291°3 
| 5 683'5 | 79°476 | 4 768'5 | 5 491'0 
5 883°0 | 82°265 4 935°9'' 5 683°7 
6 07599 | 847963 5 097°8 | 5 870°2 
6 262°9 | 87°578 _ 5 254°7 ' 6 0508 
6 444°§ | 90°116 | § 407°0 | 6 226'2 
6 621'0 | 92°586 | 5 555°2 | 6 3968 
6 793°0 5 699°5 | 6 563°0 


94°99! 
| 
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TABLE 52.—Fertodic time of oscillations in relatively deep water. 
4 A, in inches. 
h era 
2 | 4 | 6 | 8 10 | 12 15 20 25 
ee ee eS ee 
Inches. | | 
ol | "6465 | 12589, 19323 2°5758 3.2196 35633 4°5289 6°4383 $047 
: 0'2 "4626 "9142, 1°3682 1°8228 2°2777 | 2°7327 3°4153 4°§532 § 6911 
| 073; °3851 °7503 ! I'IIQ7 | 14903 18613 2°2325 2° 7896 3°7184 4°6474 
| 04 | "3419 6542, “9732 | 1°2929 16138 1°9349 24171 3°2212 4°0255 
o'5 | ‘315! "§903 "8731 171588 174455 1°7324 2°1633 2°8822 36014 
0°6 2973 "5445 "Sor2 1'0610 1°3218 1°5835 1°9764 2°6322 372885 
0°77 °2851 “5101 7460 "R55 12264 1°4682 18316 2°4383 3°0456 
0'8 | 2768 4835 7024 "9252 1'1498 1°3756 1°7150 2°2822 2°8500 
og | °2707 4625 “6669 ‘8759 1'0872 12995 1°6189 271532 2°6883, 
Vo! °2665 "4455 | 6375 "3349 170344 1°2352 1°5383 2°0443 2°5516 
Ir '2632 4318 | = °6130 ‘7997 “ghg6 | 1°1807 1°4685 1°9506 2°4336 | 
120) *2611 4205 *§922 "7701 "9507 1°1331 1°4082 1°8695 2°3320 | 
13) °2594 "Quit "5744 "7441 ‘9171 1°0916 1°3556 1°7979 2°2419 | 
1°4 "2581 "4034 *5590 "7214 "8873 1°0551 1°3086 1°7344 2°1619 
15 °2575 "3965 "5457 "7014 , "8610 1°0225 1°2669 16776 |. 2"0899 
16 | °2569 "3913 "5341 6839s “8374 "9930 1°2293 16264 | 20252 
| 1'7, °2563}  °3868) 5239 "6681 ‘5163 "9669 1°1954 1°5799 | —1°9666 
18 ‘2560 *3828 | "5150 6541 ‘7973 "9431 1°1644 1°5375 1°9128 
"9g | ‘2557 "37961 “S071 "6415 “7801 "9215 1°1364 174985 1°8636 
2°0 "2556 *37658 *§002 6302 7646 *go16 1°1106 1°4629 1'8180 
) 21! '2555| 3744 | ‘4940 "6200 "7503 "8836 | 0868 | 14299 | —1°7763 
2°2 | °2554 "3724 "4886 "6107 "7373 | "8669 1°06.47 1°3994 1°7373 
2°3.| °2553 "3707 | "4836 "6023 ‘7255 "8517 10444 1°3709 | 1-7ONl 
24 | °2553 "3692 "4793 "5947 "7146 "8376 10256 1°3446 16674 
2°5 | °2553 "3680 "4755 "5878 "7045 "8244 10080 1°3200 1°6356 
26 | °2552 "3670 = °4720 "$814 | “6953 ‘8123 "gg 1'2970 1°6057 
27 | °2552 "3661 "4689 "5756 “6868 ‘Bort "9765 1°2752 | 15777 
2°8 "2552 °3652 “4661 5704 | ‘6789 oF, "9623 1°2549 1°5516 
2°99 | 2552 "3646 "4637 “5656 "6716 | "780g "9489 1°2356 1°5268 
30 | °2552 "3641 "4615 "S612 "6649 "7718 "9364 1°2176 1°§033 
31 | ‘2552| °3636| “4595/5571 “6586 7633 "9245 | 12005 | 1°4812 
32] °2552 "3631 ‘4577 "$534 ‘6528 ‘7554 "9135 11842 1'4601 
3°3| ‘2552 "3629 ‘4561 = S501, = 6474 "7479 "9031 1'1690 1°4400 
34 | °25§2 "3626 "4546 "5469 "6424 “7410 "8932 11544 1°4210 
35 | ‘2552| °3623| 4534] ‘sear | “6378 | “7348 | “8839. | 1°1407 14030 
36 °2§52 3621 "4522 "6414 "6334 "7284 "8752 1°1276 1°3857 
37 | °2552 "3619 "4512 "5390; = “6294 "7226 "8669 EIS 1°3691 
38 | °2552 "3618 "4502 "5368 | "6255 “7172 | "8590 11033 1°3535 
39 °2§§2 "3616 "1494 5347 6220 “Fla 8516 10920 1°3385 
40 | °25§2 "3615 | "4487 "5328 "6187 °7073 "8445 1°0813 1°3240 
© Sth |p (2552 | "3609 | "4420 | iOS], SOB Shzgo|) ER) ROG): oe “Yoat 
ss i 





The time is expressed in seconds. 


°04 302A 
"O41 56A 
"04024A 
*03904A 
"037944 
°03692A 
"03599A 
°03512A 
'03432A 
"03356A 
.03285A 
“OZZIQA 
‘031574 
"03098A 
"03042A 
"02989A 
"02938A 
"02891A 
"02845A 
‘02802A 
°02760A 
"O2721A 
"02683A 
°02646A 
‘02612A | 
"025774 
"02545A 


A he A hNa 
General formula r? = 7 / tanh — r=a| 1 + 6K y-BCY y+ & nus eo |} 


g is taken at 386°0664 inches (32°1722 feet); Wg = 19°6473. 


For lengths great in comparison with the depth, use last column, or 7 =A: VgQAh. 


For lengths small in comparison with the depth, use last line, or r= ‘ony' | . 
g 


See Tables 47-50. 
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TABLE 53.—For converting solar into lunar time. 


! | 
Lunar 1 Solar Lunar Solar | Lunar : Solar Lunar | Solar Lunar 










































































| 
ated | hours. iIminutes. hours. iminutes. hours. ae hours. i hours. hours. 
| aaa | 2s ; vi 
| | | 
| oO ! 0°000 Oo | 0°000 20 0°322 40 | 0°644 | 0°00 | 0'000 
I | 0°966 I o'016 | 21 0° 338 4I 0660 O7Ol + O'olo 
2 1932 2 | 0'032 | 22 0°354 42 0°676 0°02 , O’OIg 
3 : 2°898 3, o0498 | 23 0°370 43 0°692 0°03: 0"029 
4 3°865 4 0°064 | 24 0°386 44 0°709 0°04 0°039 
5 | 4°831 5 0081 25 O' 403 45 0'725 0°05 0°048 
6 | 5°797 6. 0'097 | 26 O'419 46 O°741 0°06 0°058 
i 6°763 | 7 O13 27 0°435 47 0°757 o'07 | —0'068 
8 | 7°729 8 0°129 28 | O'451 | 48 0'773 1 o'08 0°077 
9. 8°695 g O'145 29 0° 467 | 49 0°789 0°09 0°087 
10 | 9661 | 10 | O'161 | 30 0'°483 50 0°805 o°10 0'097 
II 10°628 || Ir: O°177 31 0°499 | 51 o'821 | 
12 11°594 12 | 0'193 32 0°515 | 52 0°837— oxo) 0°000 
13 12°560 13 0209 33 | 0°531 53 0°853 | oO’! 0°097 
14 13°526 || 14. 0°225 34 | 0°547 » 54 |! 0870 | o°2 0'193 | 
15 14°492 | 15 | —0°242 | 35 | 0°564 | 55 0'886 0°3 0°290 
16 | 15°458 16 | 0°258 | 36 0°580 | 56 0902 o°4 | 0°386 
17 16424] 17, 01274] 37 0°596 | 57 0918 | 0's 0°483 
18 17°390 |, 18 | 0°290 | 38 0'°612 | 58 | 0°934 0'6 | 0°580 
19 18°357 19 0°306 | 39 0°628 | 59 | 0°950;, 0O°7 0°676 
20 19°323 | | ' 60 | 0°96 08 | 0773 
21 20° 289 || | | : : | arg | 0870 | 
22! 21255 | | | | | | 10 0'966 : 
23.' 22°221 | i | | 
! 24; 23°187 | | | | 
| 25, 247153 | | | 
TABLE 54.—For converting lunar into solar time. 
Lunar Baa Pir aedi ea | Lunar Solar | Lunar Solar Lunar Solar Lunar Solar 
hours. ininutes: decimals. hours. minutes, non minutes. || hours.| minutes. | hours. | minutes. 
ogeat oat a ea eee Semana ame | eee | Rennes 
Oo}; oO ooo 0°000 | 0°00 | 0‘00 : 0'25 15°53 9°50 31°05 |i O'75 46°58 
I I o2'1 1°035 | OO! 0°62 | 0°26 16°15 | O'51 31°67 | 0°76 47°20 
2 2 04°'2 2°070 | 0'02 124 | 0°27 16°77 | 0°52 32°29 | 0°77 47°82 
3/ 3 063 3°10§ | 0°03 1°86 | 0°28 17°39, 0°53 32°91 O78 | 48°44 
4} 4 084 ! 4°140 | 0°04 2°48 | 0°29 ol 054 | 33°53 0°79 | 49°06 
5 5 I10°5 5°175 | O05 | 3°'Io | 0730, 18°63 0°55 34°16 ; 0°80 | 49°68 
6 6 12°6 | 6210 | 0°06 | 3°73 || O31 | 19°25 | 0°56 34°78 | o°81 50°30 
7 7 14°77 7°245 |! 0°07 | 4°35 || 0°32 | 19°87 0°57 | 35°40 i 0°82 50°92 
8 8 16°8 8°280 | 0°08 | 4°97 |} 0°33! 20°49 0°58 36°02 | 0°83 51°54 
9} 9 189 9°315 | 0°09 5°59 || 0°34, 9 21IT 0°59 36°64 , 0°84 | 52°16 
10 | IO 21°0 10°350 | O'10 6°21} 0°35 | 21°74 0°60 37°26 = 085 52°79 
Ir] If 23°1 | 11°386 | OTT 6°83, | 0°36 22°36 «=O 61 37°88 | 0°86 |+ 53°41 
12} 12 25°2 12°42! | O'12 7°45 |: 0°37 22°98 0°62 38°50 0°87 54°03 
13, | 13 27°3 | 13°456 } O13 8°07 | 0°38 2360 | 0°63 3912 , 0°88 | 54°65 
14} 14 29°4 14°49!1 || O'14 8°69 | 0°39 |}, 24°22 | O64 39°74 0°89 55°27 
15} 15 315 '  15°526 |, O15 9°32 || ogo 24°84 ; 0°65 40°37 | 0790 | 55°89 
"16 16 33°6 16°561_  O'16 | 9°94} O'41 25°46 | 0°66 40°99 O'>°OI 56°51 
17) 17 35°7 17°596 | O'17 10°56 |; 0°42 26°08 0°67 41°61 0°92 57°13 
18 | 18 37°9 | 18°631 ; 0118 11°18 | 0°43 26°70 | 0°68 42°23 0°93 57°75 
19} Ig 400 19°666 | O'19 11°80 | 0°44 27°32 | 0°69 42°85 | 0°94 58°37 
20 | 20 42°! | 20°701_ '- 0°20 | 12°42 | O45 27°94. 0°70 43°47 0°95 59°00 
21. 21 44'2 21°736 039 O'2 13°04 | 0°46 28°57. o71: 44°09 096 59°62 
22 22 463° # 22°771 | 0122. ~= 13°66 | (0°47 29°19 , 0°72 44°71 0°97 | 60°24 
23, 23 «$8'4 | = 23°806 | 0'23.—s«d14'28 | ~0°48 29°81 |; 0°73 | 45°33 0°98 ' 60°86 
24 | 24 §09'5 24°841 | o'24 14°go |, 0°49 30°43 |, 0°74 45°95 , 9°99 61°48 
25 | 25 526 25°876 | | 1°0O 62°10 














AUXILIARY TABLES FOR THE 
REDUCTION AND PREDICTION OF TIDES 


[Tables 1 to 54 are appended to Part III, Appendix No. 7, Report for 1894, 
to Part II, Appendix No. 8, Report for 1897, and to 
Part IV, Appendix No. 7, 1900] 
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TABLE 55.—For clearing one component of the effects of the others.* 


[Length of series, 14 days.] 


Disturbing components (2, C, etc.) 











Component 
sought (4) mee Ome ee Tp yt edge tt ear 
Ji | Ky M; | O01, *» OO Py Qi 2Q Sr, 
| | eee Eee re | 
Ji As nesta al 0. 6263 0. 020 02065 0.615 0. 525 0,020 | 0. 123 : je 0.014 
ee aed a ieeacs | 269 | 356 264 : 93 255 353 261 262 185 
K, 0. 626 ined aoe | 0. 621 0, 0242 0. 024 0. 990 0, 207 0. 020 | 0. 998 0. 216 
gI | ete PERS 268 356 4 346 264 353. 353 276 
My, 0.020 0.6208 | Meee Seebee 0. 6208 0. 206 0. 716 0, 020 0. 207 0. 669 | 0, 050 

















* This is a continuation of Table 41. 
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TABLE 55.—for clearing one component of the effects of the others*—Continued. 


[Length of series, 15 days. ] 





























a . ° ~ 
Caipeneat Disturbing components (8, C, etc.) 
sought (.4) | “an as ee ee cae ; ; Ca ee i ee : 
| Ks Lb: Mz , Ne 9 2N R: Sa Ts Ae | ibs ve | 28M ! 
Ke fa wee eee 0.567 0.0879 ‘9, 175 0.081 | 0.997 | 0.9889 . 0.975! 0.468 : 0.053 | 0.198 0. 070 
wo, | gz! e385 | 353 M5338 247 | 330|  as7! | 168 | 
Le 0.967 |ecurewes 0.5790 ' 0.080 0.178 | 0.620 0.6724 0.722 0.991, 0,200] 0.016 0.214 
100 |... 02... 2! 344. 246 92 85 77 7 259 357 | 88 
Ms 0.088 | 0.579 \...-.-.-- | 0.579 | 0.080 | 0.054! 0.0156 '' 0.026 | 0.672 0.016} 0.672, 0.016 
| 18 OM 14 seas. 262 344 10 | 3 | 175 | RS 357 275 | 6 | 
| Ne 0.3175 | 0.080} 0.5790 | to. exes | 0.579 | 0.189 ' 0.2004 °° 0.209 | 0.016 0.672 | 0.99! | 0. 120 | 
116 16 QB |.....08.) 262 108 | rot | 93 | 3 275 13 oq 
| 2N 0.081 | 0.178 | 0.0804 | 0.579 ,.---....| 0.066 0. 0488 | 0, 031 i 0. 200 | 0.991 | 0.481 | 0.038 7 
34 | 114 16 | 98 pena 26 19 IL | 101 13 | WI 22 | 
Re 0.997 | 0.620 | 0.0536 | 0.189, 0.066 ........ 0.9972, 0.9% | 0.524 | 0.035: 0.207, 0.026 
7| 268 350 | 252334 (ewe ae aie fal ae | 265 | 175 | 
| Ss 0. 989 | 0.672 | 0.0156 | 0.200! 0.049 0.997 |... .... ' 0.997] 0.879! 0.016 0.214 0.016 | 
15 | 275 357 259 341 rat ear es cee | 353 262, 354 272 : 3 : 
| Tes 0.975 | 0.722 | 0.0258 | 0.209! 0.031 | 0.989 | 0.9972 |........] 0.632 | 0.005 | 0.217) 0.054 ! 
22 283 185 267s AQ | 15 7! ee 269 | 182 280 10 
0. 016 | 0, 200 0. §24 | 0.5790 | O, 632 beds eke 7 0.214 | 0.060 | 0. 200 
357 259 ~—-:10§ 98 a eee 272 190 tor | 
0.672 ' 0.991 | 0.035 | 0.0156 ! 0.005 | 0.214 '........ 0. §79 9,016 | 
8 MT! 3 6 | 
0.99! ! 0.481 | 0.207 | 0.2138 | : 
347, 249 95 88 
0.120 0.038! 0.02% | 0.0156 | 0. 054 
256 338 | 18S 357 | 





* This is a continuation of Table 41. 


508 COAST AND GEODETIC SURVEY REPORT, 1907. 


TABLE 55.—For clearing one component of the effects of the others—Continued. 


: {Length of series, 58 days. ] 








Disturbing components (A, C, etc.) 























| 
Component | _ ; : 7 eta Tetn 2.3% fe a 
sought (4) ; 
= | yo CK Mi O; OO P Qi  2Q | 
a aa oe - ae i 
To Woesticatey | . 0489 ! .049 , . 0447 064 128 037 | 030 “104.020 
bushes | 340. 319 297 25 284 278 259 313 | 329 
. 049 ; Soa ed Pave 056 0523 052 842 045 . 037 .959 ;  . O11 
 (o Bareneranere en ararer 338 aa 44 : 303 297 278 331 348 
! 
. O49 | £0865 |occeewnees . 0565 . 046 . 10% . O49 - O43 .018 O14 
41 | > | bese 335 66 145 319 300 174 190 
O45 .0§23 HOG6 Views noes | 037 | Od | 049 . 046 021 . 092 
63 44 Fa ee ee | 88 167 | 24 | 322 16 212 
| 
. 064 .0§23 .046 SOZIS— nog eateeeanis | . 068 . 029 . 020 . 069 .026 
335 316 294 272 arenes 259 253 
J 
. 128 . 8421 . 101 .orst .068 Dates ten ee cos 
vie) | 57 215 | 193 TOL Ge eaeeeah 354 
037 | - 0447 049 0459 029 O05. «eeenGe wes 
S2 . 63 4 | 19 107 GO tec tn tat 
. 030 . 0373 O53 . 0463 | .020 O16 | 049 
101 82 . 6o 38 | 126 | 25 1g 
e | : , 
-104 ——. 9S9I -O15 | = .0210 | . 069 | 959 .029 
47 2y INO | 344 73 | 331 325 
. 020 .O113 O14 . OG20 .026 . 039 .875 
al 12 170 148 | 7 135 309 
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TABLE 55.—For clearing one component of the effects of the others —Continued. 


Component 
sought (4) 


Te 


Ag 


vg 


28M 


ee ee ae e 


eee ee ase 


“959 


- OL! 
12 


. 083 
250 


[Length of series, 58 days. } 








Disturbing components (A. C, etc.) 














Ie Me No 2N R. | 
| 
064, -0§23 O45 | 037 oo 
335 316297 275, 331 
Lee Grees o4Sg . 046 O42 | . COQ 
Suireses 340 322 303 | Ls; 
SOEO:, *ohaee at 2s . 049 . 0g 021 | 
1G -oces WAR 341 322 16 | 
o40 DING ts occa ees . O49 ) Oz 
35 IQ vee eee 34! | 35 
O42 . 0463 ORD Le shea O31 
57 38 1y 53 | 
.009 | .O02t0 02g 031 Bt deus 
153 344 325 307 |-------- | 
.Og2 °° .O1S1 . 005 016 959 
212 193 354 335 29 | 
. 166 .0560 | ° .021 . 003 . S42 | 
240 222 203 154 57 | 
.875—-— . 0920 .o18 .005 - 104 | 
st! 212 193 354 47 | 
. 005 .O181 . 092 . 875 .002 | 
6 167 148 309 3 | 
o18 . 0920 . 875 .125 O1s 
167 148, 309 290 164 
t 
039 .0177 . 004 . 005 .056 
I 
225 206 187 348 222 


a 


cee eee ase 


a a 
Ts 








Ay Me 
6066 > .128 020 
274 284 329 
. 166 | S75 - . 0O5 
120; 309354 
.0§6 | .092 .o18 
138 145 193 
.021 | .oIs | . 092 
157 107 212 
003 » 005 . 375 
176 6 | §1 
842 | .104 | . 002 
303 313 357 
ysg | .049 | .o18 
331 I 206 
{ 
Peat eee .028 034 
ora etek 1g0 234 
028 ss . 039 
170 :. 225 
1 
.034 .039 | eiwaiee 
126 | 135 | 
055 | -078 | .049 
107: 116 | 341 
o2t | 005 | O17 
35A | 219 


By 


25M 


.OLL 
348 
.o18 
193 


212 


875 


St 


.125 


.O15 
196 
. 039 
225 


.055 


253 


.078 





083 
Ito 


. 039 
135 
.O1S 
154 


.o18 
167 


.O21 
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TABLE 55.—/or clearing one component of the effects of the others—Continued. 


[Length of series, 87 days.] 





| Disturbing components (8, C, etc.) 








Component a 
sought (A | 
) | Ji K, M, O1 | oO | PP Q | 2Q SS | PI 
se, ats ae ee oe, eee 4) oa eau 
yh | Seer ere: 0478 | .044! .0333 | 061 | .080 O21 | O10 .089° 019; 
4 } : 
| phe ea age 332 298 265 | 38 | 246 237 | 209 289 313 | 
K, 048 |.......08. 055 -0458 . 046 ! 666 033 | 021 909, Ol 
BB etch nates | 327 294 66 | 274 265 237 317 | 341 
M, 044 OS47 xis ekse ess 0547 | . 033 093 | . 044 .034 | .o18 | O14 
62 Bg ise ate 327 100 127 298 | 270 » 170 | 195 
i | 1 ! 
O; | . 033 0458 . OSS veeeeeeeee! .o18 018 | . 048 042 | .O21 | . 086 
95 66 oe ee | 133 161 : 332 303 | 23 | 228 
i 
oo | .061 | . 0458 . 033 .0184 ..... 022 . 007 | . 003 045 , .020 
| 422 204 | 260 227 (ves ‘aeee 208 , 199 | 351 251 . 275 | 
{ ; I ! 
P; . 080 | . 6663 . 093 .0180 2022 .eeeeeeeee | . 005 ! . 016 . 909 . 034 
114 | 86 233 199 | S62 (heat euae: ! 351 | 323 43 247 | 
Qi . 021 0333 044 . 0478 | . 007 | . 005 | Ph aces ! 048 . 027 731 
123 95 62 28 161 D> ceed Teibseds 332 52 76 
2Q .O10 .0210 . 034 . 0421 . 003 016 | O48: Sci stances .025 . 086 
151 | 123 go 87 9 37 WB Ka stctuee 80 104 | 
S; 089 . 9Og2 .o18 . 0207 045 | gog 027 . 5026 |odeueevens O15 
el 43 190 337 | 109 | 
Pi 019 .O11I2>iw ak 0861 .020 | 





47 19 165 132! 85 | 
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TABLE 55.—/or clearing one component of the effects of the others—Continued. 


[Length of series 87 days. ] 





Disturbing components (8, C, etc.). 



































Component - oe os ele es 
ht (A | l 
rs ) Ke Tis | M3 Ne '( 2N | R3 Se | Ts | Ag | ua ve 2SM. 
ee | — | - ee ee 
Ke 838 - ee at . 061 .0458 -033 . 021 . 909 6663 348 . 080 O19 | oll 057 
a eee 322 . 294 265 237 | 317 | 274 231 | 246 313 | 341 75 
Ls OOE:!| 2s 2e6s2 0478 . 042 033 ) .009 ' .0861 127 | 731 . 00S : 018 034 
SB oes Sees 332 303 275 | 175 132 89 284 351 199 113 
Ms 046 [O48 lio eaads 048 .042 | .02I | . 0180 . 050 . 086 018 | . 086 .O17 
66 _ 28 | aeitdodawsetaane 322 303 | 23 | 161 118 | 132 199 | 228 14! 
eH 
No 033 . 042 | OG TB Views Sas 2 . 048 | .027 | .0055 .020, .018 -086 | .731 . 004 
\< 57 5 a eee 332 52 9 146 161 228 | 76 170 
2N .021 033 0421 .048 .... ... 025 | . 0158 .003 | .005 . 731 . 086 . 005 
123 85 | 87 2B j.... -.. 80 37 174 9 76 104 18 
Ra . 9O9 . 009 | . 0207 | . 027 (O25 |. ca cdces . gog2 . 666 . 089 . 002 .O1§ . 050 
43 185 | 437 308 980 tee seccas 317 274 289 356 204 118 
Ss -666' .086 .0180 !  —_. 005 o16 og |.......-. gog | 048 | 017 . 034 .018 - 
86 ! 228 | 199 | 351 323 Pk Beene aay 332 | 219 247 161 
| 
Ts -348 | .127 0498 | 020 .003' .666 sGOG2 asian als 027,027 . 036 02a 
129 | 9 271 242 214 186 86 Yee 195 262 290 23 
As , 080 | - 731 . 0861 .o18 . 005 . 089 . 0478 | .027 ; Boat stato . 034 .058 . 005 
1 
114 | 76 | 228 | 199 351 71 28 165, hs ienket 247,275 9 
Ma . O19 . 005 . 0180 . 086 - 731 . 002 . O169 027 | 034... -e ee . 048 . O15 
47 9 161 132 284 4 14! 98 | 113 ssi tease 28 122 
v9 .OIr .018 . 0861 731 . 086 .O15 . 0340 . 036 .058 | . 048 | deatige aint .022 
19 | 161 132 | 284 | 256 156 113 
28M . 057 . 034 | .0169 . 004 | .005 =. 050 . O180 
| 285! 247) 219 5 a: 28 19 
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TABLE 55.—For clearing one component of the effects of the others—Continued. 


[Length of series 104% days.] 
































| = a ee ; \ 
| Disturbing components (8, C, etc.) | 
Component pear seen a : : eee Cia a. ee he 
sought (A) 
i oUt Ky Mi O1 OO . FP | Qi 220, §& Ff mf 
—,- _ 1 — I 
. 039 . 027 036 . 066 .O14 oor | .O19 | -016 | 
249 280 154 294 | 318 355 346 229 | 
O44 . 0371 . 027 542 | . 027 .O14 | 871 006 | 
212 243 it.) 257 | 280 318 308 | 192 } 
0435 028 .070 | 039 027 : 089 | ors | 
tee. 9 werdnatn 212 85 45 249 | 286 97 340 
044 | ol7 .O1 051 . 040 | . 039 | .076 
TSS: | ooeckea: 20% 54 14 | 217 255 65 309 
028 OT08 fb escen ee wes 025 . 005 005 | . 008 | O17 
275 | B06) Veietsalenees 320 343 .201 | 192 255 
. 070 .O108 £025 | venga . .O12 .O19 871 .028 
315 346 BO Wiest ate xs 203 241 52, 295 
. 039 . 0509 . 005 — .O12 iperdie ohm eee .O§1 O13 | .627 
II 143 17 150 Uheewtegewes 217 2 CC g! 
. 027 . 0405 — . 005— .olg 051 SANE Seratartess . 003 | . 060 
74 105 189 11g 143. Ise wser oss 171 - 54 
. 089 . 0393 . 008 . 871 .013 3OD3° Asie eevee | 027 
263 295 168 308 332 icc ee oe eee 243 
.O15 .0756 .O17 . 028 .627 . 060 $097) Vic aeea gare 
20 51 105, 65 269 306 BZ” Jagestuseue 
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TABLE 55.—For clearing one component of the effects of the others—Continued. 


(Length of series, 104% days.] 











Disturbing components (8, T, etc.) 





Component 
sought (A) 
Rs Ss Ts As 


or ee ff ef ee SL | 


Ke . 871 . §420 . 160 . 066 
308 257 205 294 

. 087 . 0756 . OOO .627 

103 5! 180 269 

. 039 . 0108 . 029 . 076 

65 14 142 51 

.013 .O116 . 029 OIL 

28 157 105 14 

. 003 .o189 . .020 .O12 

| 68 157 


171 | 119 


| 

| 
en | .8707. | .542 | .o19 
Shey 2 308 257 346 
WO7L ekiederad 871 .O§1 
52 | not sees 308 217 
542 SOOT see ‘eta . O91 
103 52 269 

o1g . 0509 . O91 
14 143 GU. juaseeeds 

. 022 .O105 . 009 028 
79 28 156 65 
. 027 .0279 . 007 047 
117 65 14 103 
. 029 . 0108 . 039 .O12 
218 346 295 203 


. 016 
229 
.O12 
203 


-OIl 


S3ae 


gt 
.022 
281 


euseceene 


. O51 
217 
-O10 
318 





eaeveaece 


2SM 


049 
g! 


-OIl 


. 003 
171 
-Orl 
133 


142 


-OI! 


Ce ee oe oe 





12770— 07 —_33 
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TABLE 55.—For clearing one component of the effects of the others—Continued. 


[Length of series, 134 days. ] 








Disturbing component (#2, C, etc.) 














Component ee 
sought (A) ' | 
yum, = Mi 
SO. j§§ aibeeles ed: 0273 | 
Sadittede de 205 | 
K, 2OLZZ vce ec eeraee | 
155. oseiseeden | 
M, O22 0192 see ee ee ee 
135 163 | iis? sad eats 
QO, O19 | .OIS3 | ~OTQ aidestakees 
121 146-0, HOF ewe ees 
OOo 


107 132 
.016 . O1S6 

G6 121 
.O12 | 0162 

72 | 


. O40 .7928 
4! 66 





| 
| 
Or! 0183 
Igo 214 
P; . 054 | - 3219 


159 4 
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TABLE 55.—For clearing one component of the effects of the others—Continued. 


{Length of series, 134 days. } 


| Disturbing component (B, C, etc.) 










































































| 
' 
' Component ; 2 ; eee! adeir cas Lise, ew = = 
| sought (A) | | ] ] ' | 
Ka In Ma Ny 2N Ry Sy To Ay fo Vo 25M ‘ 
J : | is oe eee he Ge ty eae cee 
| | | ! 
| K, hehe dmadeys .OIl 0183 | org .o16 | £793 . 3219 ogo ' .054 . 006 002 034 
| mielenatenly Igo 214, 239 264 294 | 228 342 253 0201 356 Gr 
Ta | LOWE |....-... .0273 | 025 .021 | . 067 . O467 | . 039 ~435 .004 | .008 o1g 
B * SPROe Wesueeetons | 205 229 254 1o4 | 38 152 243 I9t | 346 52 
| Ma .OI8) |) ,027 Deb habeas | <027 .025 .033 | .00S2 | 029 047 . 008 047 008 | 
' 146 | IS5> Sones 205 229 80 14 128 38 446 322 | 27 
! 
Ng O19 O25 20293 . 260.4454: 30237 .OIS . 0044 | 023 008 O47 - 435 | . OOI | 
faa | 131 IGS: “oateeses 205 55 169 | 103 14 322 | 7 | 2 
2N O16 .O21 0248 MO ORT oyhhwaina% . 008 | .0099 * O17 004 .435 — .058 | . O04 
| Ys - 106 | 131 165. eee es 30 | 144 78 169 17! 92 158 
{ \ ° 4 
. Re -793 | .067 | .033r | .a18 ! .008 ciate . 7928 . 322 . 040 .O17 | o21 . 029 
06 256 , 280 | gos: 430~ Nideseds 204 228° 319 267 242 128 
.027 | .0ON | .O1g . 008 : 
205 333 308 14 |: 
071 oll | . 006 033 |. 
271 219 194 80 |; 
nara earanae 019 037 004 
308 284 169 
O10: “lates bed 027 008 
52 | sheeetaans | 155 4! 
. 037 | S097? uureecds O13 
76 205 | rere 65 
004 | .0088 | .013 | ........ 
Ig! | 319 | 205 Jlveaeisees 
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TABLE 55-—For clearing one component of the effects of the others—Continued. 


Component 
sought (A) 


[Length of series, 162% days. ] 





Disturbing components (A, C, etc.) 


¢ 





| 


OI! 
236 


OIL 
217 


.013 
208 


.O17 


198 


236 


eseee ences 


. O16 
217 


eseeeeneoees 





eeneenseeone 
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TABLE 55.—For clearing one component of the effects of the others—Continued. 


rd 


{Length of series, 162% days. ] 





Disturbing components (8B, C, etc.) 























' Component 
sought (4) 
cs | le Mz | Nz 2 | Re | 8 Tz | a2 | oe | m | 285M 
a = -_ carrie a fee ie Saeee Vises = ot Se aes. [eet Se 
Ke Le siete . 000 . 0086 .Ol .OIl 705 | .1213 .207 .029 . 004 . OOO .O1! 
| Sak cies 180 | 199 217 236 280 | 200 300 218 198 | 359 21 
la .000 |..... .- .O171 .016 | 015 .0§7 | .0208 059 248 .006 | 001 . 007 
TBO ils teres | 198 217 | * 235 100 , 19 119 218 197 | 359 20 
Me . 009 SOL? seaceeu ee .O17 .016 . 027 . 0005 . 030 O21 . OO! .O21 - 901 
161 162 | Sia ae ts gis 198 217 81 I IOI 19 359 341 2 
t 
Ng .Or1 016 CORP lneine ae | .O17 016 . 0057 | .O19 ! . OOI | .O21 . 248 . 003 
143 143 | 102 Ne vevees 198 63 163 82 I 341 142 164 
2N .Oll .O15 . 0162 O17 |.......-] .O10 . 0082 .013 . 006 248 . 040 005 
124 125 | 143 1627 |osseecn 44 144 64 163 142 124 145 
Ry - 705 .057 - 0275 .016 ao) Coal Pareeeeeee . 7048 .121 .044 .O14 .O19 . 030 
80 260 279 297 416) osacende 280 200 298 278 259 Io! 
S, .121 02! . 006 .O17 
198 
- 058 
60 241 259 278 279 


142 142 
162 163 


19 218 
28M OIL . 007 
339 340 


| 
PaEEEE 
| 
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TABLE 55.—Ffor clearing one component of the effects of the others—Continued. | 


[Length of series, 19144 days.] 


Disturbing Components (/', C, etc.) 
Component 

















178 7 5 


sought (1) | 
Ji | K, : M, Or { OO Pi Q 2Q Si Pi 
—_ in sees 
jh l seme aay . 0072 | . 003 .OO15 .O10 . 000 . 003 . 004 . 042 . 000 
pipers a: 189 ! 187 186 12 180 195 204 275 182 
K) | HOOF ea ciereea ex . OO! | 
PIE le. sia vack : 358 
M, .003 so) i Sy (eee ae eee : 
173 BG. -aseeal $ 
O; . 002 . 0013 . OO] . 
174 3 2 
oo .O10 , 0013 . O01 
348 357 355 Ge aes ai 
P, . 00O . 0462 . 007 ; 
180 9 187 
Q, . 003 0.015 . 003 ; 
165 174 173 
2Q . 004 . 0029 . 004 . 
. 156 165 164 
S) . 042 . 6053 . 049 ‘ 
85 94 273 
Pi . 000 . 0019 . 002 , 





' 
| 
i 
| 
1 
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TABLE 55.—/or clearing one component of the effects of the others—-Continued. 


[Length of series, 191% days. ] 


Disturbing Components (7, C, etc.) 




















Component 
sought (4) 
K. Ie | Me 
| 
| = 
Ke O10 | =, 0013 
para tiaee 345 257 | 
In O1O |. essen - 0072 
E>), 18g 
Mg -OOL | ..007 
3 | U2 testa hs 
Ne . 002 | - 007 | . 0072 
174 | 162 17! 


605 
94 
. 046 


-197 





103 





350 


271 | 
-975 


. 0236 | 
271 | 
| 
- 0023 | 
185 | 
.0252 
280 
- 0033 
nee 
. 0023 
175 
- 0033 
4 
. 0023 
Igt 





N» 2N 
: 

002 } =. 003 
1S6 195 
. 007 . 007 
1g8 207 
. 007 . 007 
159 198 
se are | . 007 
aude Ger 189 


see ee eeose 


eee eseee 


O15 oll 
280 289 
. 004 . 005 
194 204 
.016 Ol! 
289 298 


- 002 


. 003 


| 


Re Be | 
605 : sae | 
266 351 
O48 | 0033 

ys 4 | 
O24 C023 
By 175 
O15 0040 
166 


Bietesaes - 6053 
bate alae 266 
(O05) fessswaanes 
Ga lasiontecus 

046 6053 

9 94 


83 











Te Az | He | 
| 
‘cea 
. 197 . 000 | . 00O 
257 TSO 182 
058 .075 . 004 
89 193 194 
.025 . 003 . 002 
80 4 185 
O16 . 002 . 003 
71 175 356 


. 046 
351 


eseeeese 


275 


ees eevnese 


.O12 
277 
. 002 
191 
O32 







v2 | 2SM 
| 
. 002 . 007 
353 166 
. 002 . OOI 
185 178 
. 003 . 002 
356 169 
- 975 - 003 
167 160 






016 .025 
268 80 
. OO} . 002 
182 175 



















eee eeees 







eas eess ean 






eeereeeee, 
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Day of 
series 








145 


160 , 
161 

| 
176 

190 | 
191 
205 | 





OO MT MWNIN AAA NH & & WwW WD NHN =| & GO DO 


ce | 28 


COAST AND GEODETIC SURVEY REPORT, 1907. 


TABLE 56.—For the summation of the annual tide. 


series 


206 
221 


222 


236 
237 
251 
252 


267 | 


282 


283 


297 


312 
313 
327 
328 
342 


373 
374 
388 
389 
493 
404 
419 





> ee > ee | 
Mm ONIN DAN DD & LH 


asd 
. a 


238385 


» WM WN NY WD 
mw G&G NH NN 


wo wn nm = O CO 


| 


senes 


$71 
572 
586 
587 
6o!1 
602 
616 
617 


632 | 


of | eat | Day of 








| 
| 


ow Oo MRM DMDNN DAW HN & 


ee ee > er > ee ro 
NN DANN & & WW NN = 4 O DO 








Day of 
series 





633 
647 
648 
662 | 
663 
677 
678 
692 





693 
708 





Sa. 


NN DAG A” @& & |S ® NN =~ — 0 CO 





{ 








I 
I 
1 
I 
I 
1 


I 


Day of 
series 


846 
860 
861 
875, 
876 
Sgo0 
89I 
906 
907 
g21 
922 
936 
937 
95! 
952 
966 
67 
982 | 
983 | 
997 | 
998 
012 
O13 
027 | 
028 ! 
042 | 
03 
058 





oo Dm DW 





1 


| Day of 
_ series 


i | 


-— be oe leet 


— 


~—= == lt 





959 


| 


073 


074 
o88 
089 
103 
104 
11g 
120 
1s 
135 
149 
150 
164 
165 
179 
180 
195 
196 
210 
211 
225 
226 
240 
241 
256 
257 
271 





en 


Nm & WB Ww NHN NHN = = COC 6 


CO WRN N AD Ain 


a er | 
= = O 9 








| 
| 
t 








series | 58 
1272 12 
1 28 42 
1 237 13 
1 301) 13 
I 302| 14 
I 316 14 
1317! 15 
I 332 «15 
1 333 16 
I 347 | 16 
1 348 : 17 
1 362 17 
1 363 «18 
1377. 18 
1378 | 19 
T 393 | 19 
I 394 | 20 
1 408 | 20 
1409! 21 
1423) 21 
1424 22 
1 438 ) 22 
1 439 | 23 
+ 453 | 23 
1 454 o 
1 469 
I 470 1 


eer eseessofesee 


Hl 


This table gives the nearest component ‘‘hour"' (i. e., 24th of monthly or yearly period) for each day 


GL» a. m.) of the series. 
e values here given replace those given in the last column of Table 43 (Part II), which were 
found to be slightly in error. 


T 
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TABLE 57.—Days having similar tides.* 





: 
Day of— | 29 days 162.5 days 191.5 days 355 days 384 days 


—- -- - 


Year! Month | Before After | Before After Before | After Before | After || Before | After 
| 


ey a eS == = = = =e = ae 


I | Jan. 1 | Dec. 3 | Jan. 30 | July 22.5 | June 12.5 | 


| 





é re hen ND Seat SU ste 88 








June 23.5 | July 11.5 | Jan.11 | Dec. 22 || Dec. 13 | Jan.20 




































































2 | 2 4 | 31 23.5 13.5 | 24.5 12.5 12 23 14 21 

3 | 3 5 | Feb. 1 24.5 14.5 25.5 13.5 13 24 1§ 22 

4 | 4 6 2 25.5 15.5 | 26.5 14.5 14 | 25 16 23 

| 5 5 | 7 3 26. 5 16.5 | 27-5 15.5 15 26 17 24 

6 6 8 4 27.5 17.5 | 28.5 16.5 16 27 18 25 

7 7 | 9 5 | 28. 5 18.5 | 29.5 17.5 17 28 19 26 

8 8 ! 10 6 29.5 19. § 30.5 18.5 | 18 29 20 27 

9 9 It 7 30.5 20.5 || July 41.5 19.5 | 19 30 21 28 

10 10 | 12 8 ||. al.§ 21.5 | 2.5 20.5 20 31 22 29 
11 Il 13 9 | Aug. 1.5 22.5 3.5 21.5 | 21 | Jan. 1 23 30 - 

12 12 | 14 10 2.5 23.5 | 4.5 22.5 ! 22 2 24 31 

13 | 13 15 1 3.5 24.5 | 5.5 23-5 23 3 25 | Feb. 1 

14 | 14 | 16 12 4-5 25.5 6.5 24.5 | 24 4 26 2 

15 15 | 17 13 5.5 26.5 | 7.5 25.5 25 5 27 3 

16 | 16 | 18 14 6.5 27.5 | 8.5 26.5 | 26 6 28 4 

17 17 19 15 7-5 28.5 | 9-5 27-5 27 7 29 5 

18 | 18 | 20 16 8.5 29. 5 | 10. 5 28. 5 28 8 30 6 

19 19 21 17 9.5 30.5 11.5 29.5 29 9 31 7 

20 20° 22 18 10.5 | July 1.5 12.5 30. 5 30 10 | Jan. 8 

ai aI 23 19 11.5 2.5 13.5 31.5 | 31 IY 2 9 

22 22 24 20 | 12.5 3.5 14.5 | Aug. 1.5 | Feb. 1 12 3 10 

23 23 25 21 | 13.5 4.5 ‘18.5 2.5 2 | 13 |, 4 II 

24 24 26 22 | 14.5 5.5 16.5 3-5 | 3 | 14 | 5 12 

( 

25 25 27 23 15.5 6.5 | 17.5 4-5 | 4! 15 | 6 13 

26 26 28 24 16. § 7.5 18.5 5.5 | 5 | 16 7 14 

27 27 | 29 25 | 17.5 8.5 19.5 6.5 | 6 17 |, 8 15 

. l 

28 28 30 26 18.5 9.5 20.5 75 7 | 18 9 16 

29 29 31 27 19. § 10. 5 | 21.5 8.5 | 8 19 10 17 

30 30 | Jan. 1 28 20.5 IL.§ . 22.5 9.5 | 9 20 II 18 

31 3r 2! Mar. 1 21.5 12.5 | 23.5 10.5 10 21 12 19 

aoe 2 22.5 13.5 | 24.5 11.5 | II 22 13 20 

2. 3 23.5 14.5, 25.5 12.5 | 12 23 14 aI 

3 4 24.5 15.5 | 26.5 13.5 | 13 24 | 15 22 

4 5 25.5 16: 5 27.5 14.5 | 14 25 16 23 

5 6 26.5 17.5 28.5 15.5 | 15 26 | 17 24 

6 7 27.5 18.5 29.5 16.5 | 16 | 27 | 18 25 

7 8 28.5 19.5 30. 5 7.5 | 17 | 28 | 19 26 

| 8 9 29. 5 20. § 31.5 18.5 | 18 | 29 20 27 

9 10 30. 5 21.5 || Aug. 1.5 19.5 | 19 30 21 28 

Ir} 31.5 22.5 2.5 20. 5 | 20 | 31 22 | Mar.1 

12 || Sept. 1.5 23.5 3.5 21.5 21, Feb. 1! 23 2 

24 3 

4 

5 

6 





* For explanation of this table see sec. 142. 
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TABLE 57.—-Days having similar tides—Continued. 








| 2y days 162.5 days | 191.5 days 355 days 354 days 
a fp a fs 


' Before After Before After | Before | After Before | After | Before After 








eo 
Feb. 26 | Feb. 6 | Jan.28 Mar.7 
t 1 






























































47 | Feb. 16 | Jan.18 Mar.17 Sept. 6.5 July 28.5 Aug. 8.5 Aug. 26.5 

48 | 17 ly 18 7-5 29.5 ° y. 5 27.5 |" 27 7 | 29 8 

49 | 18 i 20 1g 8.5 30.5 10.5 24.5 25 § 30 9 

| ; | | 

50 | 1g | 21 20 |. 9.5 | 31.5 11.5 | 29.5 | Mar. 1 9 31 10 

5! 20 22 | 21) 10.5 Aug. 1.5 12.5 | 30.5 2, 10 || Feb. 1° II 

52 | 21 23 22 f 11.5 2.5 13.5 31.5 ! 3 Ir |, 2 12 

| ; ha : . ' 

53 22 | 24 23 | 12.5 3.5 |. 14.5 Sept. 1.5 | 4 12 | 31 13 

54]. 23) 25 240 13.5 4.55 15.5 2.5 |, 5 13 jj - 14 

55 | 24 : 26 25 14.5 | 5-5 16. § 3-5 6 14 5 | 15 
, §6 25 | 27 26 15.5 | 6.5 | és 4.5 73 15 6 16 

57 26 28 27 16.5 7.55 18.5 5.5 S 16 7A 17 

58 27 | 2y 28 | 17.5 8.5 | 19.5 6.5 | 9 17 8 18 

I 
59 28 | 30 29 | 18.5 | 9.5 20.5 7.5 10 18 9: 19 
: . 

, 60| Mar. 1. 31 30 19.5 | 10.5 | 21.5 8.5 : II 19 10 : 20 
61 2 Feb. 1 31 | 20. 5 11.5 | 22.5 9.5. 12 20 I} 21 
62 3 2 Apr. 1: 21.5 °° 12.5 23.5 ' 10. § 13 | 21 12! 22 
63 40 4 2 ‘ 22.5 13.5 | 24.5 11.5 14 | 22 13" 23 
64 5. 4 3 23.5 14.5 5 25.5 12.5 15 23 14 24 
65 6 5. 4 | 24.5 | 15.5 26.5 | 13.5 16 24 15 25 
66 7 6 5 28.5 | 16.5 27.5 14.5 17 25 16 , 26 
67 8 v 6 26.5 ; 17.5 28.5 15.5 18 26 17 27 

t 
68 9 | 8 7 27.5 18.5 29.5 16.5 19 9 | 18 | 23 
69 Io |! 9 8 | 28.5 19.5 30. 5 | 17.5 20 28 1g 29 
70 It Io 9 || 29.5 20.5 | 31.5 18.5 21 | Mar. 1 20 | 30 
71 12 | II 10 |: 30. 5 21.5 || Sept. 1.5 | 19.5 22 2 21 31 
72 13 12 11 | Oct. 1.5 22.5 2.5'' 20.5 23 3 22 ' Apr. 1 
73 ! 14 13 12 ! 2.5 23.5 3.5 ! 21.5 24 4 23 2 
74 15 14 13 3-5 24.5 |! 4.5 22.5 25 5 24 3 
75 | 16 15 14 |! 4.5 25.5 | 5.5 23.5 } 26 6 | 25 4 
76 17 16 15 |, 5-5 26.5 | 6.5 24.5 27 7 26 5 
77 18 i? 16 | 6.5 27.5 || 7-5 25.5 28 8 27 6 
7 | 

78 1g 18 17 7-5 28.5 B.5 26.5 | 29 g |! 28 7 
79 20 19 , 18 8.5 -29.5 g.5 | 27.5 : 30 10 | Mar. 1 8 
80 21 20 1g 9.5 30. 5 10.5 | 28.5 | 31 | It 2 9 
81 220 21 20 10. 5 31.5 11.5 29.5 Apr. 1 12 | 3 10 
82 23 22 a1 11.5; Sept. 1.5 12.5 30. 5 2 13 4 11 
83 24) 23 22 | 12.5 2.5 13.5 | Oct. 1.5 | 14 5 12 

2.5 | 6 

3-5 7 

4.5 | 8 

5-5 

6. 


ba J 


= 
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TABLE 57.—Days having similar tides—Continued. 








Day of— « 29 days | 162.5 days 101.5 days 355 days 384 days 


eee, eB, themes ess. eh ee 2 AN | | 


- ' | 1 } 
Year| Month | Before | After Before After Before After Before | After | Before’ After 


peda tt ote 








—_ —— || ———-——_- | --- —_ -=- - se _ _ es -_ = el 


94 ' Apr. 4 | Mar. 6! May 3° Oct 23.5, Sept. 13.5 | Sept. 24.5 ] Oct. 12. 



















































































5 ‘| Apr. 14 | Mar. 25 | Mar. 16 ‘Apr.23 

95 5 ; 4 | 24.5 14.5 3.5 13.5 | 15 | 6 17 24 

96 | 6 $ 5 25.5 18.5 26.5 14.5) 16 27 18 25 

97 ve | 9 | 6) 26.5 16.5 27.5 15.5 | 17 28 19 26 

98 | 8 10 = 27.5 7.5 | 28.5 16.5 18 29 20 27 

94 9 II 8 | 28.5 18.5 29.5 17:5 | Ig 30 21 28 

{ 
100 | 10 12 yg 29. § | 19.5 30.5 18.5 | 20 ary 22 29 
7 

10! II 13 Io 30.5 20.5 || Oct. 1.5 19.5 21 | Apr. I 23 30 

102 | I2- 14 IL | 31.5 | 21.5 | 2.5 20. 5 | 22 2 24 | May 1 

| | 

103 13°: 15 12.' Nov. 1.5 22.5. a5 21.5 | 23 | 3 | 25 2 

104 14 16 13 2.5 23.5 4.5 22.5 24 | 4 26 3 

105 15 17 T4 3.5 | 24.5 5.5 23.5 25 5 27 | 4 

106 16 18 15 4.5 25.5 | 6.5 24.5 26 | 6 | 28 | 5 

107 17 19 16 5.5 ' 26.5 | 7.5 25.5 27 | 7 29 6 

108 18 20 17 6.5 27.5 8.5 5 28 | 8 | 30 | 7 

109 | 1g 21 18 7.5 28.5 9.5 27.5 29 | 9. 31 8 

110 20 22 19 8.5 29.5 | 10. § 28.5 30 | 10 | Apr. I | 9 

ITI 21 23 20 9.5 30. 5 11.5 29.5 | May 1 | ok 2 10 

112 22 24 21 10.5, Oct. 1.5 | 12.5 30.5 2 | 12 3 | 11 

113 | 23 25 22 11.5 | 2.5 | 13.5 31.5 3 13 ; 4 | 12 

114 24 26 23 32.5 | 3.5 | 14.5 | Nov. 1.5 4 14 | 5 | 13 

115 | 25 27 24 13.5 | +5 15.5 2.5 5 | 15 | 6; 14 

116 26 28 25 14.5 | 5.5 | 16.5 3.5 6 16 | 7 | 15 

117 , 27 29 26 15.5 | 6.5 | 17.5 4.5 7 © ae 8 16 

’ 

118 28 30 27 16.5 7.5) 18. 5 Roe 8 18 | 9 7 

19 , 29 31 28 =, WSs 8.5 | 19.5 6.5 9 19 , 10 18 

120 | 30 | Apr. I 29 IS. 5 9.5 20. § 7.5 10 | 20 II 19 

| 

121 May 1 2 30 19.5 | 10.5 | 21.5 8.5 11 21, 12 | 20 

122 | 2 3 31 20.5 | 11.5 22.5 9.5 12 22 13 21 

123 3 4 {June r 21.5 | 12.5 | 23.5 10.5 13 23 14 22 

| ; | 4 

124 | 4 5 2 : 22.5 | 13.5 | 24.5 10.5 14 24 | 15 23 

125 5 6 3 23.5 | 14.5 25.5 12.5 15 25 | 16 | 24 

126 | 6 7 4 24.5 | 15.5 26.5 13.5 16 26 17 | 25 

| 
| 

127 | 7 8 5 | 25.5 | 16.5 | 27.5 14.5 17 | 27 | 18 26 

128 | 8 9 6 26.5 | 17.5 | 28.5 15.5 18 28 |, 19 | 27 

129 9 10 7 | 27.5 | 18.5 : 29.5 16.5 | 1g 29 | 20 28 

| | : 

130 10 II 8 ' 28.5 19. 5 ; 30.5 17.5 |, 20 30 | 21 29 
| 131 11 12 9. 29.5 20. § i! 31.5 18.5 : 21 | May 1 22 | 30 
| 132 | 12 |) 13 10 | 30. 5 21.5 || Nov. 1.5 19.5 | 22 2 | 23. 31 

| | | 
| 133 | 13), 14 Ir | Dec. 1.5 | 22.5 2.5 20. § |, 23 3 24 June r 
| 134 | 14 15 12 | 2.5 23.5 | 3.5 21.5 |, 24 4 25 2 

135 15 16 13 35 7405, 4.5 22.5 |, 25 5 26 3 

136 16 | 17 14 4.5 | 25.5 | 5.5 23.5 |i 26 6 | 27 4 

137 is 1: 18 15 5.5 26.5 6.5 24.5 |, 27 | rg 28 5 

138 18 |. 19 16 6.5 27.5 | 7.5 25.5 28 8 29 6 

139 | 19 20 17 7-5 | 28.5 | 8.5 26.5 29 9 30 7 

140 20 21 18 8.5 | 29.5 | 9.5 27.5 30 Io || May 1 8 

141 21 22 19 9.5 | 30.5 |! 10. § 28.5 31 II 2 9 
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TABLE 57.—Days having similar tides—-Continued. 


I 
Day of— | 29 days 162.5 days 101.5 days | 355 days 384 days 














a= es SS 


Year| Month | Before! After Before After Before .—sc— After Before | After Before | After 

















142 | May 22 , Apr. 23 June 20 || Dec. 10.5 ; Oct. 31.5 || Nov. 11.5 Nov. 29.5 | June 1, Mayi2 |) May 3 |JJuneio 



































143 23 24 20 11.5 | Nov. 1.5 12.5 , 30. 5 2 13 4 Il 
144 24 | 25 | 22 12.5 2.5 | 13.5 Dec. 1.5 3. 14 5! 12 
| 
145 25 26 23 13.5 3-5 i 14,5 2.5 4 15 6 13 
146 26 27 24 14.5 4.5 15.5 | 3-5 5 16 7 14 
147 27 28 25 15.5 5.5 | 16.5 4.5) 6 | 17 8 15 
148 28 | 29 26 16.5 6.5 f 17.5 5-5 ? 18 9 16 
149 29 | 30 27 17.5 7.5 18.5 6.5 8 19 10 17 
150 30 '| May 1 28 18.5 8.5 19.5 7-5 9! 20 II 18 
151 31 2 29 19.5 9.5 20. 5 8.5 | 10 21 12 19 
152 | June 1 3 30 20.5 10.5 21.5 9.§ II 22 13 20 
153 2 4{Jjuly 1 21.5 11.5 22.5 10. § ! 12 23 14 21 
154 3 5 2 22.5 12.5 23.5 11.5 13 24 15 22 
155 4 6 | 3 23.5 13.5 24.5 12.5 14 25 16 23 
156 5 7 4 24. 5 14.5 25.5 13-5 15 26 17 24 
157 6 8 5 25.5 15.5 26.5 14.5 16 27 18 25 
158 7 9 6 26. 5 16. § 27.5 15.5 17 28 19 26 
159 8 10 7 27.5 17.5 28.5 | 16.5 18 29 20 27 
160 9 De 8 28.5 18.5 29.5 17.5 19 30 21 28 
161 10 12 9 29.5 19.5 40. 5 : 18.5 20 31 22 29 
162 iI 13 10 30. 5 20.§ || Dec. 1.5. 19.5 21 | June 1 23 30 
163 12 14 II 3.5 21.5 25 20.5 22 2 24 | July: 
164 13 15 12 || Jan. 1.5 22.5 3.5 21.5 23 | 3 25 2 
165 14 16 13 2.5 23.5 4.5. 22.5 24 | 4 26 3 
166 15 17 14 3-5 24.5 5-5 23.5 25 5 27 4 
167 16 18 15 4.5 25.5 6.5 24.5 26 6 28 5 
168 17 19 16 §.5 26.5 7-5) 25.5 27 7 29 6 
169 18 20 17 6.5 27,5 8.5 26.5 28 8 30 7 
170 19 21 18 7.5 28.5 9.5 27.5 29 9 31 8 
171 20 22 19 8.5 29.5 10. § 28.5 30 10 || June 1 9 
172 21 23 20 9.5 30. § 11.5 29.5 || July 1 ot 2 1o 
173 22 24 21 10.5 | Dec. 1.5 12.5 30. 5 2 12 3 11 
174 23 25 22 11.5 2.5 13.5 31.5 3 13 4 12 
175 . 24 26 23 12.5 3-5 14.5 | Jan. 1.5 4 14 5 13 
176 25 27 24 13.5 4.5 15.5 2.5 5 15 6 14 
177 26 28 25 14.5 5.5 16.5 3.5 6 16 7 15 
178 27 29 26 15.5 6.5 17.5] 4.5 7 17 8 16 
179 28 jo 27 16.5 7:5 18.5 5.4 8 18 9 17 
180 29 31 29 17.5 8.5 19.5 6.5 9 19 10 18 
181 30 || June 1 29 18.5 9.5 20.5 7.5 10 20 I! 19 
182 | July 1 2 30 19.5 10.5 21.5 8.5 It aI 12 20 
183 2 3 31 20.5 In.5 22.5 9.5 12 22 13 21 
184 3 4| Aug. 1 21.5 12.5 23.5 10. § 13 23 14 22 
185 4 5 2 22.5 13.5 24.5 11.5 14 24 15 23 
186 5 6 3 23.5 14.5 25.5 12.5 15 25 16 24 
187 6 7 4 24.5 15.5 26.5 13.5 16 26 7 25 
188 7 8 5 25.5 16.5 27.5 14.5 17 277 18 26 
189 8 9 6 26. 5 17.5 28.5 15.5 18 28 19 27 
190 9 10 7 27.5 18.5 29.5 16. § 19 29 20 28 
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TABLE 57.—Days having similar tides—Continued. 






















































13-5 


‘Day of— 29 days | 162.5 days ; 191.5 days 355 days 
eee | eats _ : : Boyden Heh eA Sees cee 
| : ; 

Year| Month | Before | After Before After | Before After Before | After 
Igt | July io || Juneit | Ang. 8 || Jan. 28.5 | Dec. 19.5 | Dec. 30.5 | Jan. 17.5 || July 20 | June3o0 
192 | II 12 9. 29.5 20. § 31.5 18. 5 21] July 1 | 
193 | 12 13 10 30.5 21.5 | Jan. 1.5 19. 5 22 2 

| 
194 | 13 | 14 Ir | 31.5 22.5 2.5 20. § 23 3 
195 | 14 15 12 || Feb. 1.5 23.5 3-5 21.5 | 24 4 
196 13 16 13 2.5 24.5 4.5 22.5 |, 25 5 
197 | 16 | 17 14 | 3.5 25.5 5.5 23.5 26 6 | 
198 | ° 17 18 15 | 4.5 26.5 6.5 24.5 27 v4 
199 | 18 19 16 | 5.5 27.5 7.5 25.5 28 8 
200 | 19 20 17 6.5 28.5 8.5 26.5 29 9 
201 20 aI 18 7.5 29.5 9.5 27.5 30 10 
202 21 i 22 19 8.5 30.5 | 10. 5 28.5 ! 21 II 
203 225, 23 20 | 9.5 31.5 |: 11.5 29.5 | Aug. 
204 | 23 24 21 . 105; Jan. 15 12.5 30.5 | 
205 24 25 22 11.5 2.5 13.5 
206 25 26 23 12.5 3.5 14.5 | Feb. 
207 | 26 27 24 13.5 4-5 15.5 
208 27 28 25 ! 14.5 5-5 16.5 
5 28 29 i 15.5 6.5 |: 17.5 
210 29 30 27 16.5 7.5 18.5 
211 | 30 || July x 28 | 17.5 8.5 19 5 
212 31 2 29 18.5 9-5 20. § 
213 | Aug. 1 -3 30 | 19. § 10. § | 21.5 
214 2 4 31 20.5 11.5 | 22.5 
215 3 5 | Sept.: 21.5 12.5 | 23.5 
216 4 6 2 22.5 13.5 f 24.5 
217 5 7 3 23.5 14.5 25.5 
218 6 8 4 24.5 15.5 26.5 
219 7 9 5 | 25.5 16. 5 | 27.5 
220 8 10 6 26. 5 17.5: 28.5 
221 | 9 It 7 27.5 18.5 29.5 
222 10 12 8 28.5 19.5 30.5 
223 iI 13 9 || Mar. 1.5 20.5 30.5 
224 12 14 to 2.5 “—) Feb.. 1.5 
225 13 1§ II 3-5 22.5 2.5 
226 14 16 12 4:5 23-5 3-5 
227 15 17 13 5.5 24.5 4.5 
228 16 18 14 6.5 25.5 5.5 
229 17 19 15 7.5 26.5 6.5 
230 18 20 16 8.5 27.5 7-5 
231 19 21 17 9-5 28. 5 8.5 
232 20 22 18 10. 5 29.5 9-5 
10. § 
11.5 | Mar. 
12.5 








384 days 
Before After 
June 2r | Jul. 29 

22 30 
23 31 
24 | Aug.1 
25 2 
26 3 
27 4 
28 5 
29 6 
30 7 
July 1 8 
2 9 


525 




















526 


a 


Day of— 


‘Year| Month 


nN Nn be 











237 | Aug. 25 
235 26 
239 27 
240 28 
241 * 29 
242 30 
243 31 
244 | Sept. 1: 
245 2 
246 2 
247 

248 

249 

250 7 
251 8 
252 9 
253 10 
254 It 
255 12 
256 13 
257 14 
258 15 
259 16 
260 17 
261 18 — 
262 19 
263 20 
264 21 
265 22 
266 23 
267 24 
268 25 
269 | 26 
270 27 
271 | 28 
272 29 
273 30 
274 | Oct. 1 
275 2 
276 3 
277 4 
278 5 
279 6 
280 

281 

282 
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TABLE 57.— Days having similar tides—Continued. 























29 days | 
Before ; After | 
July 27 ‘Sept 23 

28 24 

29 25 

30 | 26 

31 | 27 
Aug. I 28 

3 3° 
4 | Oct. I 
5 2 
6 | 3 
7 | 4 
9 6 

Io 4 

II 8 

12 | 9 

13 10 

14 II 

15 12 

16 13 

ord 14 

18 15 

19 , 16 

20 | 17 

21 18 

22 | 19 

23 20 

24 21 

25 22 

26 | 23 

27 24 

28 25 

29 26 

3° 27 

31 28 
Sept. 1 29 

2 30 
3. 31 
4 | Nov. 1 
5 2 
6. 3 
7! 4 
8 | 5 
9 6 

10 











162.5 days 
Before After | 
| 
Mar. 15.5 | Feb. 3.5 | 
16.5 4.5» 
17.5 5-5 | 
18. 5 | 6.5 | 
19.$ 7-5 1 
20.5 5 | 
21.5 | 9.5 
22.5 10.5 | 
23.5 is") 
24.5 | 12.5 
25.5 13.5 | 
26.5 14.5 | 
27.5 15.5 | 
28.5 | 16.5 
29.5 ' 17.5 | 
30. § : 8.5 | 
31.5) 19.5 | 
Apr. 1.5 20.5 
2.5 21.5 
3.5 22.5 
4-5 23-5 } 
8.5 24.5 
| 
6.5 25.5 
7.5 26.5 | 
8.5 27-5 | 
9.5 | 28. 5 
10.5 Mar. 1.5 | 
11.5 2.5. 
12.5 3-5 ! 
13-5 4-5 | 
14.5 5:5 
dl 
15.5 6.5 | 
16.5 7-5! 
17.5 8.5 
18.5 9.5 || 
19. 5 10.5 | 
20.5 1r.§ | 
I 
21.5 12.5 | 
22.5 13.5 
23.5 14.5 
24.5 15.5 | 
25-5 16.5 | 
26.5 17.5 
27.5 18.5 
28.5 19.5 | 
29.5 20.5 | 





191.5 days 


Before | After 
Feb. 14.5 Mar. 4. 
15.5 5. 
16.5 6. 
17.5, ri 
18.5 s. 
Ty. 5 9. 
20. 5 10. 
21.5 II 
22.5 | 12 
23.5 13 
24.5 | 14 
25-5 15 
26.5 16 
27.5 17 
28.5 1s 
Mar. 1.5 19 
2.5) 20 
3.5 21 
4.5 22 
5-5 23 
6.5 24 
7-5 2s. 
8.5 26. 
9-5 27 
10.5 28 
11.5 29 
12.5 30 
13-5 31 
14.5 Apr. 1 
15.5 2 
16.5 25 
! 
17.5 4. 
18.5 S 
19.5 6, 
20. § re 
21.5 8. 
22.5 g. 
23.5 10. 
24.5 11 
28.5 12 
26.5 13 
25.5 14 
28.5 15 
29.5 16 
30. § 17 
31.5 18 








aA 


mnmn 


mn 


nm 


nN in 


Nn n AN nN NN NN min ao“ wm 


nan wn mn mM AN 


nm 


in 


On 


mn 


mo A one 4) 


mmm in ws 


355 days 


Before 


After 


| 384 days 


| Before | After 


| Sept.4 Aug.15 || Aug. 6 Sept13 
7. 








Oct. 


Rs) 
6 


co Fs 


10 


20 
21 
22 


23 
24 
25 


27 
28 


29 
30 


OOD MIAH bw 





16 
17 
IS 
19 
20 
21 


Sept. 1 


21 
22 


23 
24 


25 
26 


27 
28 


29 


Baws A Nn & Ww 














Sept. 1 


wos AO ON & & 


14 
15 
16 
17 
18 
19 
20 
21 
22 


23 
24 
25 
26 


27 
28 
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TABLE 57.—Days having similar tides—Continued. 

























































































t in : 
| Day of | 29 days 162.5 days 191.5 days | 355 days 384 days 
| 
= \~ 
Year| Month | Before After i Before After || Before | After [Before After Before | After 
a Me ee en eee saad 
ae Pe ee eee | 
283 | Oct. 10 | Sep.tr) Nov. 8 | Apr. 30.5 | Mar. 21.5 | Apr. 1.5 Apr. 19.5 | Oct. 20; Sep. 30 | Sep, 21 | Oct.29 
284 | II | 12 g || May 1.5 22.5. 2.5 | 20.5 21 ; Oct. 1 22 30 
285 12 | 13 10 2.5 23.5 3.5 | 21.5 22 2 23 31 
286 13 : 14 | rr || 3-5 24.5 4.5 | 22.5 23 3 24 | Nov.1 
| 2387 14 15 | 12 | 4-5 25.5 5.5 23.5 24 4 25 2 
! 285 15 \ 16 | 13 5.5 26.5 | 6.5 24.5 . 25 5 26 3 
| 289 16 17 14 | 6.5 27.5 a5 25.5 26 6 | 27 4 
| 2g0 | 17 18 15 = 28.5 8.5 26.5 27 7 | 28 5 
291 | 18 | 19 16 8.5 29. 5 9.5 27.5 28 8 | 29 6 
| ; 4 : : 
292 1y ! 20 | 17 9.5 30. 5 10.5 | 28.5 29 9 30 ? 
293 20 |) 20 | 18 10.5 31.5 11.5 29.5 30 Io || Oct. 1 8 
2 21 | 22°; 19 m.§, Apr. 1.5 12.5 30. 5 31 II 2 9 
295 22 | 23 20 | 12.5 2.5 13.5 ' May 1.5 | Nov. 1 12), 3 10 
296 23 24 21 13.5 3.5 14.5 | 2.5 2 13 || 4 Il 
297 24 25 22 14.5 4-5 15.5 3-5 | 3 14 | 5 12 
298 25 26 23 15.5 5-5 16.5 4.5 4 15 6 13 
299 26 27 | 241° 16.5 6.5 17.5 5-5 5 16 | 7 14 
300 27 28 25 17.5 7.5 18.5 6.5 6 17 | 8 15 
301 28 29 26 18.5 8.5 19.5 7.5) 7 18 | 9 16 
302 29 30 27 19.5 9.5 20. 5 8.5 | 8 1g 10 17 
"303 30 | Oct. 1 28 20. 5 10. 5 21.5 9.5 9 20 11 18 
| | 29 21.5 11.5 22.5 10. 5 : 10 21 12 19 
| 
| 30 | 22.5 12.5 U 23.5 11.5 : It 22 | 13 20 
Dec. 1 23-5 13.5 | 24.5 12.5 2 | 23 14 ar 
| 2 24.5 14.5 | 25.5 13.5 |' 13 24 | 15 | 22 
| 3 25.5 15.5 26.5 14.5 14 25 16 23 
4 26. 5 16.5 27.5 15.5 15 26 17 24 
5 27.5 17.5 | 28.5 16.5 16 27 18 25 
6 28.5 18.5 |: 29.5 17.5 17 | 28 i. 26 
| 7 29.5 19. 5 | 30.5 | 18.5 18 | 29 20 27 
8 30. § 20.5 |, May 1.5 | 19. § 19 30 21 28 
! 9 | 31.5 21.5 | 2.5 20.5 || 20 31 22 29 
10 | June 1.5 22.5 | 3-5 21.5 21 | Nov. 1 23 30 
| 11 | 2.5 23.5 | 4.5 22,5 22 2 24 | Dec. 1 
12 3.5 24.5 5.5 23.5 | 23 3 25 2 | 
| 13 4:5 25-5 || 6.5 24.5 24 4 26 3 | 
14 5-5 26.5 || . 7-5 25.5 25 S| 27 4 
15 6.5 27.5 8.5 26.5 26 6 |. 28 5 
16 7.5 28.5 9-5 27.5 27 7 | 29 6 
17 &.5 29.5 10 § 28.5 28 8 30 7 
18 9.5 30.5 al 29.5 29 9]. 3! 8 
19 10.5 | May 1.5 12.5 | 30.5 30 10 | Nov. 1 9 
20 11.5 2.5 | 13.5 31.5 | Dec. 1 II 2 IO 
21 12.5 3.5 || 14.5 | June 1.5, 
° 22 13.5 4.5, 15.5 2.5 
23 14.5 5.5 16.5 3-5 
24 15.5 6.5 17.5 4.5 
25 16. 5 ons 18.5 5.5 
26 | 17.5 8.5 | 19. 5 6.5 




















528 





Day of 


| 





Year Month 
332 | Nov.28 
333 29 
34 30 
335 | Dec. 1 
336 2 
337 3 
338 4 
339 5 
340 6 
Hl 7 
342 8 
343 9 
4 10 
345 Ir 
346 12 


348 14 
349 1§ 
350 16 
351 17 
352 18 
353 19 
354 20 
355 21 
356 22 
357 23 
358 24 
359 
360 
361 
362 
363 
364 
365 





S2Ses8s IRS 
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TABLE 57.—Days having similar tides—Continued. 


29 days 
Before | After 
Oct. 30 | Dec. 27 

31 28 
Nov. 1 29 

2 30 
3 3! 
4| Jan. 1 
5 2 
6 3 
7 4 
8 5 
9 6 

10 | 

1 8 

12 9 

13 10 


162.5 days 


Before 


July 


19.5 
20.5 
21.5 
22.5 


23.5 


24.5 
25.5 
26.5 


27-5 
28.5 


29. 5 


30.5 
1.5 
2.5 


3-5 
4-5 
5-5 
6.5 
7-5 
8.5 


9-5 
10. § 
I. § 
12.5 
13.5 
14.5 
15-5 
16. § 
17-5 
18.5 
19. 5 
20.5 
21.5 


After 


10. 5 
IL5 


-12.§ |j 


13-5 
14.5 


15.5. 


16.5 
17.5 


June 18.5 | May 9.5 | May 20.5 | June 7.5 























355 days | 
























191.5 days 384 days 

Before After Before | After | Before | After 
1 
Dec. 8 | Nov.18 || Nov. 9 | Dec.17 
21.5 8. S| 9 19 | 10 18 
22.5 9.5 10 20 | II 19 
23.5 10.5 II 21 12 20 
24.5 11.5 | 12 22 13 21 
25.5 12.5, 13 23 14 22 
26.5 13.5 | 14 24 15 23 
27.5 14.5 15 25 16 24 
28,5 15.5 16 26 17 25 
29.5 16.5 17 27 18 26 
30. 5 17.5 18 ' 28 19 27 
31.5 18.5 1g 29 20 28 
June 1.5 19.5 20 30 21 29 
2.5 20. 5 21} Dec. 1 |! 22 30 
3-5 21.5 | 22 2 | 23 31 
; 22.5 23 3 24 | Jan.1 
5-5 23-5 a4 4 | 25 2 
6.5 24.5 25 5 || 26 3 
7-5 25.5 26 6 37 4 
8.5 26.5 | 27 | 8 5 
9.5 27.5 | 28 8 29 6 
| 

10.5 28.5 | 29 9 | 30 7 
11.5 29.5 30 10 | Dec. 1 8 
12.5 30.5 31 rr 2 9 
13.5 | July 1.5 || Jan. 1 12] 3 10 
14.5 2.5 2 13 4 II 
15.5 3-5 | 3 14 5 12 
16.5 4.5 | 4 15 6 13 
17.5 5-5 5 16 |, 7 14 
18.5 6.5 | 6 17 | 8 15 
19. § 7-5 ? 18 || 9 16 
20. 5 8.5 8 19 | 10 17 
a1.§ 9-5 9 20 | 8 18 
22.5 10. § 10 21 | 12 19 








TP UP TP US TPT UP CP OP UP OO 


a a eg A a 3 a ig pate ag ges: Ad os 


> TP UP US UP Oe 
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TABLE 58.—Greenwich mean civil times of mean perigee and apogee, 1850-1950. 


1850 


A Jan. 
P Jan. 
Feb. 
Feb. 
Mar. 
Mar. 
Apr. 
Apr. 
May 
May 
May 
June 
June 
july 
july 
Aug. 
Aug. 


Sept. 
Oct. 
Oct. 


UO » 
ct 
a8 


— 
~ 
= 


Jan. 
Feb. 
Feb. 
Mar. 
Mar. 
Apr. 
Apr. 
May 
May 
May 
June 
P june 
A July 
P july 
A Aug. 
P Aug. 
A Sept. 
P Sept. 
A Sept. 
P Oct. 

A Oct. 

P Nov. 
A Nov. 
P Dec. 

A Dec. 


Sept. 


Ar. 
12 12.0 
2. 6.7 
9 1.3 
20.0 
8 14.6 
9-3 
5 3-9 
18 22.6 
217.3 
16 11.9 
6.6 
13 1.2 
19.9 
10 14.5 
24 9.2 


22.5 
3.17.1 
17 11.8 
1 6.5 
iS 1,1 
19.8 


. 11:14.4 
. 25 9.1 


9 3-7 
22 22.4 


hr. 
12 2.1 
20, 8 
8 15.4 
22 10,1 
7 4-7 
23.4 
3 18.0 
17 12.7 
I 7.3 
I5 2.0 
20.6 
It 15.3 
10.0 
9 4.6 
23.3 
5 17-9 
19 12.6 
2 7.2 
16 1.9 
29 20.5 
13 15.2 
27 9.8 
10 4.5 
23 23.2 
7 17.8 
at 12.5 


1851 


A Jan. 
P Jan. 
Feb. 
Feb. 


Mar. 


PUP SP UP, TP UP UP UP UP, UP, Up UP Up, 


A June 
P june 
A July 
P July 
A july 
P Aug. 
A Aug. 
P Sept. 
A Sept. 
P Oct. 

A Oct. 

P Nov. 
A Nov. 
P Nov. 
A Dec. 
P Dec. 


12770—07-—34 


Mar. 


Mar. 


“a Oo 


1 8 Ww 


- 
mn 
L ad 
> 
to 


N 
ww 
~ 
Nuno n AOwW CO 


. 27 22.2 


16.8 


24 11.5 


22 0.8. 


419.4 


. 18 14.1 


14 15.1 
9-7 
4.4 
23.0 
17.7 
12.4 
7.0 
1.7 
20. 3 


ea sok ots & 


15.0 
9.6 
4-3 

22.9 

17.6 

12.2 
6.9 
1.6 

20.2 

20 14.9 
3 9-5 

17 4.2 

30 22.8 

14 317-5 

28 12.1 


NS aN 


ade & 


1$52 


Apr. 


June 
June 
July 
July 
Aug. 
Aug. 
Sept. 
Sept. 
Sept. 
Oct. 


Pr TP UP UP UP Ur UP, Ur UPr>r Up~p UP Up id 





8 
22 


1858 


A Jan. 

P Jan. 

A Feb. 
P Feb. 
A Mar. 
P Mar. 
A Apr. 
P Apr. 
A May 
P May 
A May 
P June 
A June 
P July 
A July 
P Aug. 
A Aug. 
P Sept. 
A Sept. 
P Sept. 
A Oct. 

P Oct. 

A Nov. 
P Nov. 
A Dec. 
P Dec. 





WU 


16 


hy. 


: 16.7 


11.4 
6.0 
0.7 
19.3 
14.0 
8.6 
3-3 
21.9 
16.6 
11.3 
5-9 
0.6 
19.2 
13.9 
8.5 
3.2 
21.8 
16.5 
a 
5.5 
0.5 
19. I 
13.8 
8.4 
3.1 





hr. 
6.8 
1.4 
20. 1 
14.8 
9-4 
4.1 
22.7 
17.4 
12.0 
6.7 
1.3 
29.0 
14.6 
9-3 
4.0 
22.6 
17.3 
1I.9 
6.6 
1.2 
19.9 
14.5 


3.8 
22.5 
17.2 


1853 


May 
June 
June 
July 
July 
july 
Aug. 
Aug. 


Sept. 
Sept. 





18 


16 


30 
12 
26 





7) 
ws 


- 
~~ \O 
“1 © 


—“ =~ Aw 
yon w 
Bow Cc OO Ww 


zo 
WO wW 


13.5 


21.5 


TP TP TP UP UP UP UP, UUS>r Up~> lr UP Ur it 


1854 


A Jan. 

Jan. 

Feb. 
Feb. 
Mar. 
Mar. 
Apr. 
Apr. 
May 
May 
May 
June 
June 
July 

July 

Aug. 
Aug. 
Sept. 
Sept. 
Sept. 
Oct. 

Oct. 


Nov. 
Dec. 


P Jan. 

A Jan. 

P Feb. 

A Feb. 
P Mar. 
A Mar. 
P Apr. 
A Apr. 
P Apr. 
A May 
P May 
A June 
P June 
A July 
P july 
A Aug. 
P Aug. 
A Sept. 
P Sept 
A Sept. 
P Oct. 

A Oct. 

P Nov. 
A Nov. 
P Dec. 
A Dec. 


*, 10 23. 


hr. 
II 21.4 
16. 1 
8 10.7 


5-4 


ea) 
° 
°o 


2118, 
13. 


2 
29 16. 


9 23. 
23:18. 
6 13. 


16 23. 


30 15.$ 
14 10. 


MRDHnNMNMon new ZF OW HD SO Ws 


24 18. 
8 13. 
22 7. 


Nae mn ON 


hr. 


11165 
28 6.1 
8 0.8 
21 19.5 
6 14.1 
20 8.8 
3 3-4 
16 22.1 
30 16.7 
14 11.4 
28 6,0 
II 0.7 
24 19.3 
8 14.0 
22 8.7 
5 3-3 
18 22.0 
1 16.6 
15 11.3 
29 5-9 
13 0.6 
26 19.2 
9 13-9 
23 8.5 
7 3.2 
20 21.9 


1855 


June 
June 
July 
July 
July 
Aug. 
Aug. 
Sept. 


Oct. 


Pr Up Ur TP UP Ur UF UP US UPR TP UP US 


Jan. 

Jan. 
Jan. 

Feb. 
Feb. 
Mar. 
Mar. 
Apr. 
Apr. 


PIP UP UP TP 


P May 
A June 
P June 
A Jnly 
P July 
A July 
P Aug. 
A Aug. 


P Sept. 
A Sept. 


P Oct. 
A Oct. 
P Nov. 
A Nov. 
P Nov. 
A Dec. 
P Dec. 


. 14 23. 
. 28 18. 


. 25 7. 


hr. 
5S 2.4 
18 21. 
1 18. 
1§ lo. 


i? 


II 13. 


ws 0 &s1 0 & 


ry 

wm ow 
— mm Aw 
Oi Ss 
Ww Ad 


we 
> 
. 2) 


23.6 
18.2 
1312.9 


17 11.2 


19. I 


1 19.0 
13.7 
8.3 
3.0 
21.6 
8 16,3 
10.9 
6 5.6 
0.3 
2 18.9 
13.6 
30 8.2 
14 2.9 
27 2165 
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TABLE 58.—Greenwicth mean civil times of mean perigee and apogee, 1850-1950—Con. 





1865 1866 1867 
hr. hr. hr. 
3 1.9 A Jan. 10 1.6 A Jan. 3 6.6 
16 20.5 P Jan. 23 20.2 P Jan. 17 1.2 
30 15.2 A Feb. 6 14.9 A Jan. 30 19.9 
. 13 9.9 P Feb. 20 9.5 P Feb. 13 14.6 
. 27 4.5 A Mar. 6 4.2 A Feb. 27 9.2 
. 12 23.2 P Mar. 19 22.8 P Mar. 13 3.9 
. 2% 17.8 A Apr. 2 17.5 A Mar. 26 22.5 
9 12.5 P Apr. 16 12.2 P Apr. 9 17.2 
- 23° 7.1 A Apr. 30 6.8 A Apr. 23 11.8 
7 1.8 P May 14 1.5 P May 7 6.5 
20 20.4 A May 27 20.1 A May 21 1.1! 
315.1 P June ro 14.8 P June 3 19.8 

17 9.7 A June 24 9.4 A June 17 14.4 | 

1 4.4 PJuly 8 4.1 P july 3: 9.1 
14 23.1 A July 21 22.7. A July 15 3.8 
28 17.7 P Aug. 417.4 P july 28 22.4 
. 1112.4 A Aug. 18 12.0 A Aug. 11 17.1 
25 7.0 P Sept. 1 6.7 P Aug. 25 11.7 
8 1.7 A Sept. 15 1.4 A Sept. 8 6.4 
21 20.3 P Sept. 28 20.0 P Sept. 22 1.0 
5 15.0 A Oct. 12 14.7 A Oct. § 19.7 
19 9.6 P Oct. 9.3 P Oct. 19 14.3 
2 4.3 A Nov. 9 4.0 A Nov. 2 9.0 
1§ 22.9 P Nov. 22 22.6 P Nov. 16 3.6 
29 17.6 A Dec. 6 17.3 A Nov. 29 22.3 
13 12.3 P Dec. 20 11.9 P Dec. 13 17.0 
27 6.9 A Dec. 27 11.06 

1871 1872 1873 
hr. hr. Ar. 
A 216.0 P Jan. 9 15.7 P Jan. 1 20.7 
; P 1610.6 A Jan. 23 10.3 A Jan. 15 15.3 
P Feb. 6 19.6 P Jan. 30 0.6 A Feb. 6 0.3 A Jan. 30 5.3 P Feb. 6 5.0 P Jan. 29 10.0 
A Feb. 20 14.2 A Feb. 12 19.2 P Feb. 19 18.9 P Feb. 12 23.9 A Feb. 19 23.6 A Feb. 12 4.6 
P Mar. 5 8.9 P Feb. 26 13.9 A Mar. § 13.6 A Feb. 26 18.6 P Mar. 4 18.3 P Feb. 25 23.3 
A Mar. 19 3.5 <A Mar. 12 8.6 P Mar. 19 8.2 P Mar. 12 13.2 A Mar. 18 12.9 A Mar. 11 17.9 
P Apr. 1 22.2 P Mar. 2% 3.2 A Apr. 2 2.9 A Mar. 2% 7.9 Pp Apr. 1 7.6 P Mar. 25 12.6 
A Apr. 15 16.8 A Apr. 8 21.9 P Apr. 15 21.5 P Apr. 9 2.6 A Apr. 15 2.2 A Apr. 8 7.3 
P Apr. 29 11.5 P Apr. 22 16.5 A Apr. 29 16.2 A Apr. 22 21.2 P Apr. 28 20.9 P Apr. 22 1.9 
A May 13 6.2 A May 611.2 P May 13 10.8 P May 6.15.9 <A May 12 15.5 A May ‘5 20.6 
P May 27 0.8 P May 20 5.8 A May 27 5.5 A May 20 10.5 P May 26 10.2 P May 19 15.2 
A June 9 19.5 A June 3 0.5 P June 10 0.2 P June 3 5.2 A June 9 4.9 A June 2 9.9 
P June 23 14.1 P June 16 19.1 A June 23 18.8 A June 16 23.8 P June 22 23.5 P June 16 4.5 
A july 7 8.8 A June 3013.8: P July 7 13.5 P June 30 18.5 A July 618.2 A June 29 23.2 
P july 21 3.4 P July 14 84 A July 21 8.1 A July 14 13.1 P July 20 12.8 P July 13 17.8 
A Aug. 3 22.1 A July 28 3.1 P Aug. 4 2.8 P July 28 7.8 A Aug. 3 7.5 A July 27 12.5 
P Aug. 17 16.7 P Aug. to 21.8 A Ang. 17 21.4 A Aug. II 2.4 P Aug. 17 2.1 P Aug. 10 7.1 
A Aug. 31 11.4 A Aug. 24 16.4 P Aug. 31 16.2 P Aug. 24 21.1 A Aug. 30 20.8 A Aug. 24 1.8 
P Sept. 14 6.0 P Sept. 7 11.1 A Sept. 1410.7. A Sept. 7 15.8 P Sept. 13 15.4 P Sept. 6 20.5 
A Sept. 28 0.7 A Sept. 21 5.7 P Sept. 2 5.4 P Sept. 21 10.4 A Sept. 27 10.1 A Sept. 20 15.1 
P Oct. 11 19.4 P Oct § 0.4 A Oct. 12 0.0 A Oct. 5 5§.1 P Oct. It 4.7 P Oct. 4 9.8 
A Oct. 25 14.0 A Oct. 18 19.0 P Oct. 25 18.7 P Oct. 18 23.7 A Oct. 24 23.4 A Oct. 18 4.4 
P Nov. 8 8.7 P Nov. 1 13.7 A Nov. 8 13.4 A Nov. 1 18.4 P Nov. 7 18.1 P Oct. 31 23.1 
A Nov. 22 3.3 A Nov. 15 8.3 P Nov. 22 8.0 P Nov. 15 13.0 A Nov, 21 12.7 A Nov. 14 17.7 
P Dec. 5 22.0 P Nov. 3:0 <A Dec. 6 2.7 A Nov. 29 7.7 P Dec. 5 7.4 P Nov. 2 12.4 
A Dec. 19 16.6 <A Dec. 12 21.6 P Dec. 19 21.3. P Dec. 13 2.3 A Dee. 19 2.0 A Dee. 12 7.0 

P Dec. 2 16.3 
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TABLE 58.—Greenwich mean civil times of mean perigee and apogee, 1850-1950—Con. 


TP VTP VP VY TP UP UP US UP UP UP UP 
Bi 
“<€ 





P Jan. 
A Jan. 
P Feb. 
A Feb. 
P Mar. 
A Mar. 
P Mar. 
A Apr. 
P Apr. 


22 15.0 
5 9-7 


~ 19° 4.3 


4 23.0 


. 18 17.6 


112.3 


. 1§ 6.9 


29 3.6 
12 20.2 
4 14.9 
9 95 
3 4-2 
6 22.9 
20 17.5 
3 12.2 


. 179 6.8 
. 31 «21.5 
. 13 20.1 
. 27 14.8 


Il 9.4 
25 4.1 
7 22.7 


. 2117.4 


§ 12.1 
Ig 6.7 


hr. 
8 10.4 
22 §.1 
4 23.7 
18 18.4 
3 13.0 
7 7-7 
31 (2.4 
13 21.0 
27 15-7 
II 10.3 
25 5.0 
7 23.6 
21 18.3 
§ 12.9 
Ig 7.6 
2 2.2 
1§ 20.9 
29 15.6 
12 10,2 
26 4.9 
9 23-5 
23 18.2 
6 12.8 


. 20 7.5 


4 2.1 
17 20.8 


» 3115.4 





=<o g 
cece s 
BBB. 
ann 


Oeerre 
PRR RRS 


$28 


Z 
° 
4 
3 


7.2 
11 3.8 


24 20.5 


UP UP U> UP UP UP UP UP UP UP UP UP UD 
fod 
Z 


ay 


P 
A 
P 
A 
P 
A 
P 
A 
P 
A 





A Nov. 27 11.9 A Nov. 19 16.9 
A Dec. 4 6.8 P Dec. 11 6.5 P Dec. 3 11.5 
P Dec. 18 1.5 A Dec. 25 1.2 A Dec. 17 6.2 
A Dec. 31 20.1 P Dec. 31 0.8 
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TABLE 58—Greenwich mean civil times of mean perigee and apogee, 1850-1950—Con. 








1886 1887 1885 1889 1890 1891 
hr. hr. hr. Ar. hr. hr. 
A Jan. 7 0.5 P Jan. 14 0.2 P jan. 7 5.2 A Jan. 13 4.9 A Jan. 6 9.9 P Jan. 13 9.6 
P Jan. 20 19.2 A Jan. 27 18.8 A Jan. . 20 23.9 P Jan. 26 23.5 P Jan. 20 4.6 A Jan. 27 4.2 
A Feb. 3 13.8 P Feb. 10 13.5 P Feb. 3 18.5 A Feb. 9 18.2 A Feb. 2 23.2 P Feb. 9g 22.9 
P Feb. 17 8.5 <A Feb. 24 8.1 A Feb. 17 13.2 P Feb. 23 12.8 P Feb. 16 17.9 A Feb. 23 17.5 
A Mar. 3 3.1 P Mar. 10 2.8 P Mar. 2 7.8 A Mar. 9g 7.5 A Mar. 2 12.5 P Mar. 9g 12.2 
P Mar. 16 21.8 A Mar. 23 21.5 A Mar. 16 2.5 P Mar. 23 2.1 P Mar. 16 7.2 A Mar. 23 6.8 
| A Mar. 30 16.4 P Apr. 6 16.1 P Mar. 29 21.1 A Apr. 5 20.5 A Mar. 30 1.8 P Apr. 6 1.5 
P Apr. 1311.1 A Apr. 20 10.8 A Apr. 12 15.8 P Apr. tg 15.5 P Apr. 12 20.5 A Apr. 19 20.2 
A Apr. 27 5.7 P May 4 §.4 P Apr. 10.4 A May 10. 5 A Apr. 26 15.1 P May 3 14.8 
P May 11 0.4 A May 18 o.! A May Io §.1 P May 17 4.58 P May Io 9.8 A May 17 9.5 
A May 24 19.1 P May 31 18.7 P May 23 23.7 A May 30 23.4 A May 24 4.4 P May 31 4.1 
P June 7 13.7 A June 14 13.4 A June 6 18.4 P June 13 18,1 P June 6 23.1 A June 13 22.8 
A June 21 8.4 P June 28 8.0 P June 20 13.1 A June 27 12.7 A June 20 17.8 P June 27 17.4 
P July 5 3.0 A July 12 2.7 A July 4 7.7 P July im 7.4 P July 4 12.4 A July m1 12.1 
A July 18 21.7 P July 25 21.3 P July 1 2.4 A July 25 2.0 A July 18 7.1 P July 25 6.7 
P Aug. 1! 16.3 A Aug. 8 16.0 A July 31 21.0 P Aug. 7 20.7 P Aug. I 1.7 A Aug. 8 1.4 
A Aug. 1§ 11.0 P Aug. 22 10.7 P Aug. 14 15.7 A Aug. 21 15.3 A Aug. 14 20.4 P Aug. 21 20.0 
P Aug. 29 5.6 A Sept. 5 5.3 A Aug. 28 10.3 P Sept. 4 10.0 P Aug. 28 15.0 A Sept. 4 14.7 
A Sept. 12 0.3 P Sept. 19 0.0 P Sept. 11 5.0 A Sept. 18 4.7 A Sept. 11 9.7 P Sept. 18 9.4 
P Sept. 25 18.9 A Oct. 2 18.6 A Sept. 24 23.6 P Oct. 1 23.3 P Sept. 25 4.3 A Oct. 2 4.0 
A Oct. 9 13.6 P Oct. 16 13.3 P Oct. 5 18.3 A Oct. 15 18.0 A Oct. 8 23.0 P Oct. 15 22.7 
P Oct. 23 83 A Oct. 30 7.9 =A Oct. 22 12.9 P Oct. 29 12.6 P Oct. 2217.6 A Oct. 29 17.3 
A Nov. 6 2.9 P Nov. 13 2.6 P Nov. 5 7.6 A Nov. 12 7.3 A Nov. § 12.3 P Nov. 12 12.0 
P Nov. Ig 21.6 A Nov. 26 21.2 A Nov. 19 2.3 P Nov, 26 1.9 P Nov. 19 7.0 A Nov. 26 6.6 
A Dec. 3 16.2 P Dec. 10 15.9 P Dec. 2 20.9 A Dec. 9 20.6 A Dec. 3 1.6 P Dec. 10 1.2 
P Dec. 17 10.9 A Dec. 24 10.5 A Dec. 16 15.6 P Dec. 23 15.2 P Dec. 16 20.3 A Dec. 23 19.9 
A Dec. 31 5.5 P Dec. 30 10.2 A Dec. 30 14.9 
1892 1893 1844 1895 1896 1597 
hr. hr. Ar, hr. hr. hr. 
P Jan. 6 14.6 A Jan. 12 14.3 A Jan. § 19.3 P Jan. 12 19.0 P Jan. 6 0.0 A Jan. I! 23.7 
A Jan. 20 9.2 P Jan. 26 8.9 P Jan. ty 13.9 A Jan. 13.6 A Jan. 19 18.6 P Jan. 25 18.3 
P Feb. 3 3.9 A Feb. g 3.6 A Feb. 2 5.5 P Feb. 9 8.3 P Feb. 2 13.3 A Feb. 8 13.0 
A Feb. 16 22.6 P Feb. 22 22.2 P Feb. 1» 3.2 A Feb. 23 2.9 A Feb. 16 7.9 P Feb. 22 7.6 
P Mar. 1 17.2 A Mar. 8 16.9 A Mar. 1 21.9 P Mar. § 21.6. P Mar. 1 2.6 A Mar. 8 2.3 
A Mar. 15 11.9 P Mar. 22 11.5 P Mar. 15 16.6 A Mar. 22 16.2 A Mar. 14 21.3 P Mar. 21 20.9 
P Mar. 29 6.5 A Apr. 5 6.2 A Mar. 29 11.2 P Apr. § 10.9 P Mar. 28 15.9 A Apr. 4 15.6 
A Apr. 12 1.2 P Apr. 19 0.8 P Apr. 12 §.9 A Apr. Ig 5.5 A Apr. It 10.6 P Apr. 18 10.2 
P Apr. 25 19.8 A May 2 1y.5 A Apr. 26 0.5 P May 3 0.2 P Apr. 25 5.2 A May 2 4.9 
A May 9 14.5 P May 16 14.2 P May 9 19.2 A May 16 18.5 A May 8 23.9 P May 15 23.5 
P May 23 9.! A May 30 3.8 A May 23 13.8 P May 30 13.5 P May 22 18.5 A May 29 18.2 
A June 6 3.8 P June 13 3.5 P June 6 8.5 A June 13 8.2 A June § 13.2 P June 12 12.9 
P June 19 22.4 A June 26 22.1 A June 20 3.1 P June 27 2.5 P June 19 7.8 A June 26 7.5 
A july 317.1! P July 10 16.8 P July = 3 21.5 A July to 21.5 A july 3 2.5 P July 10 2.2 
P July 17 11.8 A July 24 11.4 A July 17 16.4 P July 24 16.1 P July 16 a1.1 A July 23 20.5 
A july 31 6.4 P Aug. 7 6.1 P July grit A Aug. 7 10.8 A July 30 15.8 P Aug. 6 15.5 
P Aug. 14 1.1 A Aug. 21 0.7 A Aug. 14 5.8 P Aug. 21 5.4 P Aug. 13 10.5 A Aug. 20 10,1 
A Aug. 27 19.7 P Sept. 3 19.4 P Aug. 28 0.4 A Sept. 4 0.1 A Aug. 27 §.1 P Sept. 3 4.8 
P Sept. 10 14.4 A Sept. 17 14.0 A Sept. 10 19.1 P Sept. 17 18.7 P Sept. 9 23.8 A Sept. 16 23.4 
A Sept. 24 9.0 P Oct. 1 8.7 P Sept. 24 13.7 A Oct. 1 13.4 A Sept. 23 18.4 P Sept. 30 18.1 
P Oct. 8 3.7 A Oct. 15 3.4 A Oct. 8 5.4 P Oct. 15 S.0 P Oct. 7 13.1 A Oct. 14 12.7 
A Oct. 21 22.3 P Oct. 28 22.0 P Oct. 22 3.0 A Oct. 29 2.7 A Oct. 21 7.7 P Oct. 28 7.4 
P Nov. 4 17.0 A Nov. 11 16.7 A Nov. 4 21.7 P Nov. 11 20.4 P Nov. 4 2.4 A Nov. 11 2.1 
A Nov. 18 11.6 P Nov. 2§ 11.3 P Nov. 18 16.3 A Nov. 25 16.0 A Nov. 17 21.0 P Nov. 24 20.7 
P Dec. 2 6.3 A Dec. g 6.0 A Dee. 2 11.0 P Dec. g 10.7 P Dec. 1 15.7 A Dec. 8 15.4 
A Dec. 16 1.0 P Dec. 23 0.6 P Dec. 16 5.6 A Dec. 23 §.3 A Dec. 15 10.3 P Dec. 22 10.0 
P Dec. 29 19.6 A Dec. 30 0.3 P Dec. 29 §.0 
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TABLE 58.—Greenwich mean civil limes of mean perigee and apogee, 1850-1950—Con. 


1898 


A Jan. 
P Jan. 

A Feb. 
P Feb. 
A Mar. 
P Mar. 
A Mar. 
P Apr. 
A Apr. 
P May 
A May 
P June 
A June 
P July 
A july 
P July 

A Aug. 
P Aug. 
A Sept. 
P Sept. 
A Oct. 

P Oct. 

A Nov. 
P Nov. 
A Dec. 
P Dec. 

A Dec. 


hr. 
§ 4-7 
18 23.3 
1 18,0 
1§ 12.6 


I§ 1.9 
28 20.6 
II 15.3 
25 9-9 
9 4.6 
22 23.2 
5 17-9 
19 12.5 
3 7.2 
17 1.8 
30 20.5 
13, 15.1 
27 g.8 
10 4.5 
23 23.1 
717.8 
a1 12.4 
4 7.1 
18 1.7 
I 20.4 
1§ 15.0 
29 9-7 





1904 


P Jan. 
A Jan. 
P Feb 
A Feb. 
P Feb. | 
A Mar. 
P Mar.* 
A Apr. 
P Apr. 
A May 
P May 
A June 
P June 
A July 
P july 
A july 
P Aug. 
A Aug. 
P Sept. 
A Sept.’ 
P Oct. 
A Oct. 
P Nov. 
A Nov. 
P Dec. 
A Dec. 
P Dec. 


hr. 

5 18.8 

19 13.4 
2 8.1 

16 2.7 
29 21.4 
14 16.0 
28 10.7 
Il §.3 
25 0.0 
8 18.6 
22 13.3 
5 8.0 

19 2.6 
2 21.3 

16 15.9 
30 10.6 
13 5.2 
26 23.9 
9 18.5 

23 13.2 
7 7.8 

21 2.5 
3 21.2 

17 15.8 
1 10.5 

15 §.1 
28 23.8 


Aug. 


Sept. 


12 4.3 
25 23.0 
8 17.7 


. 2212.3 


8 7.0 


. 22 3.6 


4 20. 


. 18 14. 


N 
or ae Oe 
WNnNO NWO KN ALC WwW 


hr. 
11 18.4 
25 13.1 
8 7.7 


. 22 2.4 


7 21.0 


. 21 15.7 


4 10.4 
18 5.0 
1 23.7 
1§ 18.3 
29 13.0 





P Jan. 
A Jan. 
P Feb. 
A Feb. 
P Mar. 
A Mar. 
P Mar. 
A Apr. 
P Apr. 
A May 
P May 
A June 
P June 
A july 


. P July 


A July 
P Aug. 
A Aug. 


P Sept. 
A Sept. 


P Oct. 


1901 


A Jan. 
P Jan. 
A Feb. 
P.Feb. 
A Mar. 
P Mar. 
A Apr. 
P Apr. 
A May 
P May 
A May 
P June 
A June 
P July 
A july 
P Aug. 
A Aug. 
P Sept. 


A Sept. 


P Oct. 
A Oct. 
P Oct. 
A Nov. 
P Nov. 
A Dec. 
P Dec. 


P Jan. 
A Jan. 
P Feb. 
A Feb. 
P Mar. 
A Mar. 
P Apr. 
A Apr. 
P May 
A May 
P May 
A June 
P June 
A july 
P July 
A Aug. 
P Aug. 


A Sept. 


P Sept. 
A Sept. 
P Oct. 
A Oct. 
P Nov. 
A Nov. 
P Dec. 
A Dec. 


hr. 
12 9.0 
26 3.7 
8 22.3 
22 17.0 
8 11.7 
22 6.3 
5 1.0 
18 19.6 
2 14.3 
16 8.9 
30 3.6 
12 22.2 
26 16.9 
1o 11.6 
24 6.2 
7 09 
20 19.5 
3 14.2 
17 8.8 
I 3.5 
14 22.1 
28 16.8 
13 11.4 
25 6.1 
9 0.8 


22 19.4 


hr. 


TE 23.1 


25 17.8 
8 12.4 
22 7.1 
8 1.7 
aI 20.4 
4 15.0 
18 9.7 
2 4.4 
15 23.0 
29 17.7 
12 12.3 
26 7.0 
Io 1.6 
23 20.3 
6 14.9 
20 9.6 
3 4.3 
16 22.9 
30 17.6 
14 12.2 
28 6.9 
Ir 1.5 


22 9.5 


1902 


A Jan. 
P Jan. 
A Feb. 
P Feb. 


A Mar. 


P Mar. 


A Mar. 


P Apr. 
A Apr. 
P May 
A May 
P June 
A June 
P July 
A July 
P July 
A Aug. 
P Aug. 


A Sept. 
P Sept. 
' A Oct. 


P Oct. 
A Nov. 
P Nov. 
A Dec. 
P Dec. 
A Dec. 


hr. 

S 4.1 

19 8.7 
2 3.4 

I§ 22.0 
1 16.7 

15 11.3 
29 6.0 
12 0.6 
25 19.3 
9 14.0 

23 8.6 
6 3.3 

19 21.9 
3 16.6 

17 11.2 
3 5-9 


14 0.5 ° 


27 19.2 
10 13.8 
24 8.5 
8 3.2 
21 21.8 
4 16.5 
18 11.1 
2 5.8 
16 0.4 
29 19.1 


1908 


P Jan. 
A Jan. 
P Feb. 
A Feb. 
P Feb. 
A Mar. 
P Mar. 
A Apr. 
P Apr. 
A May 
P May 
A June 
P June 
A July 
P july 
A July 
P Aug. 
A Aug. 


P Sept. 
A Sept. 


P Oct. 
A Oct. 
P Nov. 
A Nov. 
P Nov. 
A Dec. 
P Dec. 


5 4.1 
18 22.8 
I 17.5 
1§ 12.1 
29 6.8 
14 1.4 
27 20.1 
10 14.7 
24 9-4 
8 4.0 
2t 22.7 
4 17.3 
18 12.0 
2 6.7 
16 1.3 
29 20.0 
12 14.6 
26 9.3 
9 3-9 
22 22.6 
6 17.2 
20 11.9 
3 6.5 
17 1.2 
30 19.9 
14 14.5 
a 9.2 








1909 


A Jan. 
P Jan. 
A Feb. 
P Feb. 
A Mar. 
P Mar. 
A Apr. 
P Apr. 
A May 
P May 
A May 
P June 
A June 
P july 
A july 
P Aug. 
A Aug. 


P Sept. 
A Sept. 
P Sept. 


A Oct. 
P Oct. 
A Nov. 
P Nov. 
A Dec. 
P Dec. 





hr. 
Ir 3.8 
24 22.5 
717.1 
21 11.8 


2r 4.1 
3 19.7 
17 14.4 


1§ 3-7 
28 22.4 
11 17.0 


25 11.7 
23 1.0 


19 14.3 


16 3.6 
29 22.3 
13 16.9 
27 11.6 
Io 6.2 


7 19.5 
21 14.2 


TABLE 58.—Grecnwich mean civil times of mean perigee and 
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ae 
1910 IQtt 
hp. hr. 
A jan. 4 8.8 P Jan. ir 8.5 
P Jan. 18 3.5 A Jan. 25 3.2 
A Jan. 31 22.1 P Feb. 7 21.8 
P Feb. 14 16.8 A Feb. 21 16.5 
A Feb. 28 11.5 P Mar. 7 11.1 
P Mar. 14 6.1 A Mar. 21 5§.8 
A Mar. 28 0.8 P Apr. 4 0.4 
P Apr. 10 19.4 A Apr. .17 19.1 
A Apr. 24 14.1 P May 1 13.7 
P May 8 8.7 A May 15 8.4 
A May 22 3.4 P May 29 3.1! 
P Jume 422.0 A June Ir 21.7 
A June 18 16.7 P June 25 16.4 
P july 211.3 A July 9g I1.0 
A july 16 6.0 P July 23 5.7 
P July 30 0.7 A Aug. 6 0.3 
A Aug. 12 19.3 P Aug. 19 19.0 
P Aug. 2% 14.0 A Sept. 2 13.6 
A Sept. 9 8.6 P Sept. 16 8.3 
P Sept. 23 3.3 A Sept. jo 2.9 
A Oct. 6 21.9 P Oct. 13 21.6 
e P Oct. 20 16.6 A Oct. 27 16.3 
A Nov. 311.2 P Nov. 10 10.9 
P Nov. 17 5-9 A Nov. 24 5.6 
A Dec. I 0.5 P Dec. 8 0.2 
P Dec. 14 19.2 A Dec. 21 18.9 
A Dec. 28 13.9 ’ 
1916 1917 
hr. Ar. 
P Jan. 3 22.9 A Jan. 9 22.6 
A Jan. 17 17.6 P Jan. 23 17.2 
P Jan. 31 12.2 A Feb. 611.9 
A Feb. 14 6.9 P Feb. 20 6.6 
P Feb. 28 1.5 A Mar. 6 1.2 
A Mar, 12 20.2 P Mar. !I9 19.9 
P Mar. 26 14.8 A Apr. 2 14.5 
A Apr. 9 9.5 P Apr. 16 9.2 
P Apr. 23 4.2 A Apr. 30 3.8 
A May 6 22.8 P May 13 22.5 
P May 20 17.4 A May 27 17.! 
A June 3 12.1 P June to 11.8 
P June 17 6.8 A June 24 6.4 
A july 1 1.4 P July 8 «1 
P July 14 20.1 A July a2: 19.8 
A july 28 14.7 P Aug. 4 14.4 
P Aug. I1 9.4 A Aug. 18 9.1 
A Aug. 25 4.0 P Sept. 1 3.7 
P Sept. 7 22.7 A Sept. 14 22.4 
A Sept. 21 17.4 P Sept. 28 17.0 
P Oct. § 12.0 A Oct. 12 11.7 
A Oct. 19 6.7 P Oct. 2% 6.3 
A Nov. g 1.0 
P Nov. 22 19.6 
A Dec. 6 14.3 
P Dec. 20 9.0 
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A June 4 
P June 17 
A july 1 
P July 15 
A July 29 
P Aug. 12 
A Aug. 25 
P Sept. 8 
A Sept. 22 
P Oct. 6 
A Oct. I9 
P Nov. 2 
A Nov. 16 
P Nov. 30 
A Dec. 13 


P Dec. 27 


1918 


A Jan. 3 
P Jan. 16 
A Jan. 30 
P Feb. 13 
A Feb. 27 
P Mar. 13 
A Mar. 26 
P Apr. 9 
A Apr. 23 
P May 7 
A May 20 
P june 3 
A June 17 
P july 1 
A July 15 
P July 28 
A Aug. II 
P Aug. 25 
A Sept. 5 
P Sept. 21 
A Oct. 5 
P Oct. I9 
A Nov. 2 
P Nov. 16 
A Nov. 29 
P Dec. 13 


au.§ 
16.1 
10.8 
5-5 
o.! 
18.8 
13.4 
8.1 
2.7 
21.4 
16.0 
10.7 
5-3 
0.0 
18.7 
13.3 
8.0 
2.6 
21.3 
15.9 
10.6 
§.2 
23.9 
18.6 


22.3 


——_— = 


I 


. 15 
. 29 


13 
3) 


23 


ba | 


1919 


Aug. 


Sept. 


Nov. 
Nov. 
Dec. 
Dec. 


30 


10. 4 


23.7 
18.3 
13.0 
7.6 
2.3 
21.0 
15.6 
10. 3 
4.9 
23.6 


Ar. 
3-3 


23 21.9 


I 
5 


12 
26 
9 
23 
6 
20 


16.6 
11.2 
5-9 
0.6 
19. 2 
13.9 
8.5 
3.2 
21.8 
16. § 
Ir. 
5.8 
0.5 
19. 1 
13.8 
8.4 
3i1 


. 28 21.7 


16.4 
11.0 
5-7 
0.3 
19.0 
13.6 





PVF UP TP TP UP TP TP TP UP UP UP 


tT PUP UY DP UP OP DP TP OP UP OP UP TP 


. Io 


15.5 
10.2 
4.8 
23.5 
18.1 
12.8 
7-4 
2.1 
20.7 
15.4 
10, 0 
4.7 
23.4 
18.0 
12.7 
7-3 
2.0 
20.6 
15.3 
9-9 
4.6 
23.2 


Ar. 
8.3 
3.0 
21.6 
16.3 
10.9 


apogee, 1850-1950—Con. 


aa 


Cd 


> CP Ur UP Ur tr UP UP TP Ue SP UP 
= 
ro) 


. 29 


9 
23 
7 
2! 


1921 


Jan. 

Jan. 

Feb. 
Feb. 
Mar. 
Mar. 
Aprv 


> 
~~ 
1 


June 


PUP UP UP UP UP UP UP DP UP OD D> 
RRS 
ve 


2 
° 
4 


P Nov. 


~ > 
ay 


. 3t 


- 14 
. 28 


Il 
25 


22 


19 


~ J) = Dh OH eH DW Fr A CL 


i) 
° 


17.7 
12.3 
7.0 
1.6 
20. 3 
15.0 
9.6 
4-3 


hr. | 
8.0 
2.6 
21.30 
15.9 
10.6 
S-3 





18.6 
13.2 
7-9 
2.5 
21.2 
15.8 
10.5 , 
5.1 
23.8 
18.5. 
13.0 | 
7.8 | 





21.1 
15.7 
10.4 
§.0° 
23.7) 
18.3 


| 
39 ! 
| 
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TABLE 58.—Greenwich mean civil times of mean perigee and apogee, 1850-1950—Con. 
1922 1923 1924 1925 1926 1927 
Ar. hr. hr. Ar. Ar. hr. 
A Jan. 2 13.0 P Jan. 9 12.7 P Jan 2 17.7 A Jan. 8 17.4 A Jan. 1 22.4 P Jan. 8 22.1 
P Jan. 16 7.7 A Jan. 23 7.3 A Jan. 16 12.3 P Jan. 22 12.0 P Jan. 15 17.0 A Jan. 22 16.7 
A Jan. 30 2.3 P Feb. 6 2.0 P Jan. 30 7.0 A Feb. 5§ 6.7 A Jan. 29 11.7 P Feb. 5 11.4 
P Feb. 12 21.0 A Feb. 19 20.6 A Feb. 13 1.7 P Feb. 19 1.3 P Feb. 12 6.4 A Feb. 19 6.0 
A Feb. 2 15.6 P Mar. § 15.3 P Feb. 26 20.3 A Mar. 4 20.0 A Feb. 1.0 P Mar. 5 0.7 
| P Mar. 12 10.3 A Mar. 19 9.9 A Mar. 11 15.0 P Mar. 18 14.6 P Mar. It 19.7 A Mar. 18 19.3 
A Mar. 26 4.9 P Apr. 2 4.6 P Mar. 25 9.6 A Apr. 1 9.3. A Mar. 25 14.3 P Apr. I 14.0 
P Apr. 8 23.6 A Apr. 15 23.3 A Apr. 8 43 P Apr. 15 3.9 P Apr. 8 g.0 A Apr. 15 3.6 
A Apr. 22 18.2 P Apr. 29 17.9 P Apr. 21 22.9 A Apr. 28 22.6 A Apr. 22 3.6 P Apr. 29 3.3 
P May 612.9 A May 1312.6 A May 517.6. P May 12 17.3 P May § 22.3 A May 12 22.0 
A May 7-5 P May 27 7.2 P May 19 12.2 A May 211.9 A May 1g 16.9 P May 26 16.6 
P june 3 2.2 A June to 1.9 A June 2 6.9 P June 9 6.6 P June 2 11.6 A June 9g 11.3 
A June 16 20.9 P June 23 20.5 P June 16 1.5 A June 23 1.2 A June 16 6.2 P June 23 5.9 
P June 3015.5 A July 715.2 A June 29 20.2 P July 619.9 P June 30 09 A July 7 0.6 
A July 14 10.2 P July 21 9.8 P July 13 14.9 A July 20 14.5 A July 13 19.6 P July 20 1g.2 
P July 28 4.8 A Aug. 4 4.5 A July 27 9.5 P Aug. 3 9.2 P July 27 14.2 A Aug. 3 13.9 
A Aug. 10 23.5 P Aug. 17 23.! P Aug. 10 4.2 A Aug. 17 3.8 A Aug. to 8.9 P Aug. 17 8.5 
P Aug. 24 18.1 A Aug. 31 17.8 A Aug. 23 22.8 P Aug. 30 22.5 P Aug. 24 3.5 A Aug. 31 3.2 
A Sept. 7 12.8 P Sept. 14 12.5 P Sept. 6 17.5 A Sept. 13 17.2 A Sept. 6 22.2 P Sept. 13 21.8 
P Sept. 21 7.4 A Sept. 28 7.1 A Sept. 20 12.1 P Sept. 27 11.8 P Sept. 20 16.8 A Sept. 27 16.5 
A Oct. (5 2.1 P Oct. 12 1.8 P Oct. 4 6.8 A Oct. 11 6.5 A Oct. 4 11.5 P Oct. 11 15.2 
P Oct. 18 20.77 A Oct. 25 20.4 A Oct. 18 1.4 P Oct. 25 1.1 P Oct. 18 61 A Oct. 25 5.8 
A Nov. 1 15.4 P Nov. 8 15.1 P Oct. 31 20.1 A Nov. 7 19.8 A Nov. 1 0.8 P Nov. 8 0.5 
P Nov. 15 10.1 A Nov. 22 9.7 A Nov. 14 14.7 P Nov. 21 14.4 P Nov. 14 19.4 A Nov. 21 19.1 
A Nov. 4-7 P Dec. 6 4.4 P Nov. 2 9.4 A Dec. § 9.1 A Nov. 28 14.1 P Dec. 5§ 13.8 
P Dec. 12 23.4 A Dec. 19 23.0 A Dee. 12 4.1 P Dec. 19 3.7. P Dec. 12 8.8 <A Dec. 19 8.4 
A Dec. 18.0 P Dec. 25 22.7 A Dec. © 3.4 
1928 1929 1930 1931 1932 
hr. hr. hr. hr. hr. 
P Jan. 2 3.1 A jan. 8 2.8 A Jan. 1 7.8 P Jan. 8 7.4 P Jan. 1 12.5 
A Jan. 15 21.7 P Jan. 21 21.4 P jan. 15 2.4 A Jan. 22 2.1 A Jan. {5 7.1 
P Jan. 29 16.4 A Feb. 4 16.1 A Jan. 28 21.1 P Feb. 420.8 P Jan. 29 1.8 
A Feb. 1211.0 P Feb. 18 10.7 P Feb. 11 15.7 A Feb. 18 15.4 A Feb. 11 20.4 
P Feb. 5.7 A Mar. 4 5.4 A Feb. 25 10.4 P Mar. 4 10.1! P Feb. 25 15.1 
A Mar. 11 0.4 P Mar. 18 0.0 P Mar. II 5§.0 A Mar. 18 4.7 A Mar. 10 9.7 
P Mar. 24 19.0 A Mar. 31 18.7 A Mar. 24 23.7 P Mar. 31 23.4 P Mar. 24 4.4 
A Apr. 7 13.7 P Apr. 14 13.3 P Apr. 7 18.4 A Apr. 14 18.0 A Apr. 6 23.1 
P Apr. 21 8.3 A Apr. 28 8.0 A Apr. 21 13.0 P Apr. 28 12.7 P Apr. 20 17.7 
A May 5 3.0 P May 12 2.6 P May 5 7.7 A May 12 7.3 A May 4 12.4 
P May 158 21.6 A May 25 21.3. A May 19 2.3 P May 2% 2.0 P May 18 7.0 
A June 1 16.3 P June 8 16.0 P June 1 21.0 A June 820.7. AJume 1 1.7 
P June 1§ 10.9 <A Jume 2210.6 <A June 15 15.6 P June 22 1§.3 P june 14 20.3 
A June 29 5.6 Pjuly 6 5.3 P June 29 10.3 A july 610.0 A June 28 15.0 
P July 13 0.2 A July 19 23.9 A July 13 4.9 P July 20 4.6 P July 12 9.6 
A July 26 18.9 P Aug. 2 18.6 P July 26 23.6 A Aug. 2 23.3 A July 2 4.3 
P Aug. 913.5 <A Aug. 16 13.2 A Aug. 9g 18.2 P Aug. 1617.9 P Aug. 8 22.9 
A Aug. 23 8.2 P Aug. 30 7.9 P Aug. 23 12.9 A Aug. 3012.6 <A Aug. 22 17.6 
P Sept. 6 2.9 A Sept.13 2.5 A Sept. 6 7.6 P Sept. 13 7.2 P Sept. § 12.3 
A Sept. 19 21.5 P Sept. 2 21.2 P Sept. 20 2.2 A Sept. 27 1.9 A Sept. 19 6.9 
P Oct. 316.2 A Oct. 10 15.8 A Oct. 3 20.9 P Oct. 10 20.5 P Oct. 3 1.6 
A Oct. 17 10.8 P Oct. 24 10.5 P Oct. 17 15.5 A Oct. 24 15.2 A Oct. 16 20,2 
P Oct. 3: 5.5 A Nov. 7 §.2 A Oct. 31 10.2 P Nov. 7 9.9 P Oct. 30 14.9 
A Nov. 14 0.1 P Nov. 20 23.8 P Nov. 14 4.8 A Nov. 21 4.5 A Nov. 13 9.5 
P Nov. 27 18.8 A Dec. 4 18.5 A Nov. 27 23.5 P Dec. 4 23.2 P Nov. 27 4.2 
A Dec. 11 13.4 P Dec. 18 13.1 P Dec. 11 18.1 A Dec. 18 17.8 A Dec. 10 22.8 
P Dec. 25 8.1 A Dec. 25 12.8 P Dec. 24 17.5 
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hr 

P Jan. 14 11.8 
A Jan. 28 6.5 
P Feb. 11 1.1 
A Feb. 2% 19.8 
P Mar. 10 14.4 
A Mar. 24 9.1 
P Apr. 7 3.7 
A Apr. 20 22.4 
P May 417.1 
A May 18 11.7 
P june 1 6.4 
A June 15 1.0 
P June 28 19.7 
A July 12 14.3 
P July 26 9.0 
A Aug. 9 3.6 
P Aug. 22 22.3 
_A Sept. 5 16.9 
P Sept. 19 11.6 
A Oct. 3 6.3 
P Oct. 17 0.9 
A Oct. 30 19.6 
P Nov. 13 14.2 
A Nov. 27 8.9 
P Dec. Ir 3.5 
A Dec. 24 22.2 


1940 


A Jan. 14 1.9 
P Jan. 27 20.6 
A Feb. 10 15.2 
P Feb. 24 9.9 
A Mar. 9 4.5 
P Mar. 22 23.2 
A Apr. § 17.8 
P Apr. I9 12.5 
A May 3 7.1 
P May 17 1.8 
A May 30 20.4 
P June 13 1§.1 
A June 27 9.8 
P july i 4.4 
A July '24 23.1 
P Aug. 7 17.7 
A Aug. 21 12.4 
P Sept. 4 7.0 
A Sept. 18 1.7 
P Oct. I 20.3 
A Oct. 15 15.0 
P Oct. 29 9.6 
A Nov. 12 4.3 
P Nov. 2§ 23.0 
A Dec. 9g 17.6 
P Dec. 23 12.3 
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1935 


P Jan. 
A Jan. 
P Feb. 
A Feb. 
P Mar. 
A Mar. 
P Mar. 
A Apr. 
P Apr. 
A May 
P May 
A June 
P June 
A July 
P July 
A Aug. 
P Aug. 
A Aug. 
P Sept. 


A Sept. 


P Oct. 
A Oct. 
P Nov. 
A Nov. 
P Dec. 
A Dec. 
P Dec. 


hr 
7 16.8 
21 11.5 
4 6.1 
18 0.8 
3 19-5 
17 14.1 
31 8.8 
14 3-4 
27 22.1 
11 16.7 
25 11.4 
8 6.0 
22 0.7 
5 19.3 
19 14.0 
2 8.7 
16 3.3 
29 22.0 
12 16.6 
26 11.3 
Io 5.9 
24 0.6 
6 19.2 
20 13.9 
4 8.5 
18 3.2 
31 21.9 


194! 


A Jan. 
P Jan. 
A Feb. 
P Feb. 
A Mar. 
P Mar. 
A Mar. 
P Apr. 
A Apr. 
P May 
A May 
P June 
A June 
P july 
A july 
P july 
A Aug. 
P Aug. 
A Sept. 
P Sept. 
A Oct. 
P Oct. 
A Nov. 
P Nov. 
A Dec. 
P Dec. 


6 6.9 
20 «1.6 
2 20.2 
16 14.9 
2 9.5 
16 4.2 


12 17.5 
26 12.2 
10 6.8 
24 = «21S 
6 20.1 
20 14.8 
4 9.4 
18 4.1 
31 22.7 
14 17.4 
28 12.0 
i 6.7 
25 1.4 
8 20.0 
22 14.7 
5 9-3 
19 4.0 
2 22.6 
16 17.3 


A Jan. 
P Jan. 
A Feb. 
P Feb. 
A Mar. 
P Mar. 
A Apr. 
P Apr. 
A May 
P May 
A May 
P June 
A June 
P july 
A July 
P Aug. 
A Aug. 
P Sept. 


A Sept. 


P Oct. 
A Oct. 
P Oct. 
A Nov. 
P Nov. 
A Dec. 
P Dec. 


1942 


P Jan. 
A Jan. 
P Feb. 
A Feb. 
P Mar. 
A Mar. 
P Apr. 
A Apr. 
P May 
A May 
P May 
A June 
P June 
A july 
P July 
A Aug. 
P Aug. 


A Sept. 


P Sept. 
A Oct. 
P Oct. 
A Oct. 
P Nov. 
A Nov. 
P Dec. 
A Dec. 


13 6.6 
27, «1.2 
9 19.9 
23 14.6 
9 9.2 
23 3-9 
5 22.5 
19 17.2 
3 11.8 
17 6.5 
3% eZ 
13 19.8 
27 14.4 
Il 9.1 
25 3.8 
7 22.4 
21 17.1 
4 31.7 
18 6.4 
2 1.0 
1§ 19.7 
29 14.3 
12 9.0 
26 3.6 
9 22.3 
23 17.0 


A Jan. 
P Feb. 
A Feb. 
P Mar. 
A Mar. 
P Mar. 
A Apr. 
P Apr. 
-A May 
P May 
A June 
P June 
A July 
P July 
A Aug. 
P Aug. 
A Aug. 
P Sept. 


A Sept. 


P Oct. 
A Oct. 
P Nov. 
A Nov. 
P Dec. 
A Dec. 
P Dec. 


1938 


P Jan. 
A Jan. 
P Feb. 
A Feb. 
P Mar. 
A Mar. 
P Apr. 
A Apr. 
P May 
A May 
P May 
A June 
P June 
A July 
P July 
A Aug. 
P Aug. 


A Sept. 


P Sept. 
A Oct. 
P Oct. 
A Oct. 
P Nov. 
A Nov. 


P Jan. 
A Feb. 
P Feb. 
A Mar. 
P Mar. 
A Apr. 
P Apr. 
A May 
P May 
A May 
P June 
A June 
P July 
A July 
P Aug. 
A Aug. 
P Sept. 


A Sept. 


P Oct. 
A Oct. 
P Oct. 
A Nov. 
P Nov. 
A Dec. 
P Dec. 


13 21.2 
27 15.9 
10 10.5 
24 «5.2 
9 23.8 
23 18.5 
6 13.1 
20 7.8 
4 2.4 
17 21.1 
3115.8 
14 10.4 
28 §.1 
It 23.7 
25 18.4 
8 13.0 
22 7.7 
§ 2.3 
18 21.0 
2 15.7 
16 10.3 
30 5.0 
12 23.6 
26 18.3 
10 12.9 


P Jan. 

A Feb. 
P Feb. 

A Mar. 
P Mar. 
A Mar. 
P Apr. 
A Apr. 
P May 
A May 
P June 
A june 
P July 
A July 
P july 
A Aug. 
P Aug. 


A Sept. 


P Sept. 
A Oct. 

P Oct. 

A Nov. 
P Nov. 
A Dec. 
P Dec. 
A Dec. 





19 11.0 
2 5.6 
16 0.3 
1 18.9 
15 13.6 
29 8.2 
12 2.9 
25 21.5 
9 16.2 
23 10.9 
6 5.5 
20 0.2 
3 18.8 
17 13.5 
31 8.1 
14 2.8 
27 21.4 
10 16,1 
24 10.7 
8 5.4 
22 0.1 
4 18.7 
18 13.4 
2 8.0 
16 2.7 
29 21.3 
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TABLE 58.—Greenwich mean civil times of mean perigee and apogee, 1850-1950—Con. 


re 


1946 1947 1948 1949 1950 
hr. hr. hr. kr. hr. 
P Jan. 12 16.0 P Jan. § 21.0 A Jan. 12 20.7 A Jan. § 1.7 P Jan. 12 13.4 
A Jan. © 10.6 A Jan. 19 15.7 P Jan. © 15.3 P Jan. 18 20.4 A Jan. 25 20.0 . 


P Feb. 9 5.3 P Feb. 2 10.3 
Feb. 22 23.9 A Feb. 16 5.0 
Mar. 8 18.6 P Mar. 1 23.6 
Mar.22 13.3 A Mar.15 18.3 
Apr. § 7.9 P Mar.29 12.9 
Apr.ig 2.6 A Apr.12 7.6 
May 2 21.2 P Apr. 2% 2.2 
May 16 15.9 A May 9 2.9 
May 30 10.5 P May 23 15.5 
Junei3 5.2 A June 6 10.2 
jJune2 23,8 P June20 4.9 
July ro 18.5 <A July 3 23.5 
July 24 13.1 P July 17 18.2 
Aug. 7 7.8 A July 31 12.8 
Aug.2I 2.5 P Aug.14 7.5 
Sept. 3 21.1 A Aug.28 2.1 
Sept.17 15.8 P Sept.r1o 20.8 
Oct. 1 10.4 A Sept.24 15.4 
Oct. 1§ §.1 P Oct. 5 10.1 


Feb. 9 10.0 A Feb. 1 15.0 P Feb. 8 14.7 
Feb. 23 4.6 P Feb. 15 9.7 A Feb. 22 9.3 
Mar. 7 23.3 A Mar. 1 4.3 P Mar. 8 4.0 
Mar.21 17.9 P Mar.14 23.0 A Mar.21 22.6 
Apr. 4 12.6 A Mar.28 17.7 P Apr. 4 17.3 
Apr. 18 7.3 P Apr. Ir 12.3 A Apr.18 12.0 
May 2 1.9 A Apr.25 6.9 P May 2 6.6 
May 1s 20.6 PMay 9 1.6 A May16 1.3 
May 29 15.2 A May 22 20.2 P May 29 19.9 
Junei2 9.9 P June § 14.9 A Juner2 14.6 
June2 4.5 A Juneig 9 9.6 P June2 9.2 
July 9 23.2 P july 3 4.2 AJulyr1o 3.9 
July 23 17.8 A July 16 22.9 P July 23 22.5 
Aug. 6 12.5 P July 30 17.5 A Aug. 6 17.2 
Aug.20 7.1 A Aug.13 12.2 P Aug. 20 11.8 
Sept. 3 1.8 P Aug.27 6.8 A Sept. 3 6.5 
Sept.16 20.5 A Sept.1io 1.5 P Sept.17. 1.2 
Sept.3o 15.1 P Sept.23 20,1 A Sept.30 19.8 
Oct. 14 9.8 A Oct. 7 14.8 P Oct. 14 14.5 
Oct. 28 23.7 A Oct. 22 4.7 4.4 P Oct. 21 9.4 A Oct. 28 9.1 
Nov.11 18.4 Y Nov. 4 23.4 Nov.10 23.1 A Nov. 4 4.1 P Nov.11 3.8 
Nov. 25 13.0 A Nov.18 18.1 P Nov. 24 17.7 P Nov.17 22.8 A Nov.24 22.4 
Dec. 9 7.7 P Dec. 2 12.7 A Dec. 8 12.4 A Dec. 1 17.4 P Dec. 8 17.13 
A Dec. 23. 2.3 A Dec.16 7.4 P Dec. 22. 7.0 P Dec. 15 12.1 A Dec. 22 11.7 
P Dec. 30 2.0 : A Dec.29 6.7 


PUP UP UP UP Ue Ue OP UP > 
& 


Tr UP Tr UY UP UP UP TP UP UP UP 


The value of the anomalistic month, of # and of s, used in constructing this table, are given in 
sections 13 and 21, Part II. 
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TABLE 59.— Variation in mean semirange of spring and neap tides due to parallax and 
evectional waves composed of N,, L,, 2L, ¥,, and A,,. 


INCREASE IN MEAN SEMIRANGE OF SPRING TIDES. 
eS 





3.12 +0.72 ‘ +o.72 ‘ +0.72 ‘ 


Length of half group | Length of half group 
. Time Time | 
o tides | 2 tides 4 tides | o tides 2 tides 4 tides 
So a ae ee 
d.h d. hk. 
000 { +1.15 No| +2.15 Na|] +1.10 Na 0 00 | —0.91 Na] —0.g1 Nz! —0.91 Na 
006] +r.1r ** | tran“ | +1.10 “ 0 06} —o.gt “* | ~o.g1 “* | —0o.go * 
o12/ +1.10 * | +1.30 ‘“ | +1.09 “ 0 12| —-o.gt ‘** | —o.gt ‘** | —o.g0 * 
018] +1.09 ‘* | +1.09 “* | +1.08 * 0 18 | —0.g0 ‘** | —o.g0 ** | —o.go ** 
3 100 | +1.07 ** | +1.07 ‘* | +1.06 " 3 100 | —o.go *' | —0.89 *“* | —o0.8g * 
3 ] 106 | +1.05 ** | +1.05 “ | +1.04 * 3 | 106] —0.89 ** | —0.88 “ |} —0.88 * 
3 112] +r.03 “ +1.03 ‘ +1.02 ‘ F 112] --o.87 * —o.87 ‘ —o.87 ‘ 
r 118 {| +1.00 “ {| +1.00 ** | +0.99 * : 118 | —0.86 ‘** | —0.86 " | —0.86 * 
& | 200] +0.97 “ | +0.97 “ | +0.96 “ OB | 200} —0.85 ‘ | —0.84 ** | --0.84 ** 
8 206! +0.93 “ | +0.93 “* i +0.92 “ P seul —o.83 ** | —0.83 ‘** | —o0.82 ‘ 
4 [22 +0.89 ' | 40.89 “ | +0.88 “ S p22) --0.81 ‘* | —o.8r ** | —o.80 * 
218} +0.85 " | +0.85 ‘ +0.84 ‘ 218 -0.79 ** —0.78 ‘ —o.78 ‘ 
3 00 | +0.80 * , +0.80 “ | +0.79 3.00 -0.76 “* | —0.76 * | —0.75 “* 
306 | +0.75 “  +0.75 “ | +0.74 3 06, —0.73 * | —0.73 * | —0.73 “ 
3.12] +0.70 * ! +0.70 ** | +0.69 “ 3 a —o.71 ‘f | —o.jo ** —o.7o ** 
312] +0.72 ** !' 40.72 “ +0.72 ‘* 312 | —o.72 “ —0.72 ‘** | —o.7r ‘ 
306 | +0.67 “ +0.67 “ | +0.66 * 3.05 | —0.69 * | —0.69 ** | —0.68 ° 
3 00 | +0.61 * | $0.61 ‘ ° +0.6r “ 3 00| -0.66 “ | -0.66 ** | —0.65 ‘ 
a |? 18 | +0.56 ‘ ~ “ +0.55 “ 218| —0.62 “ | —0.62 * —o.62 
3 | 212] +0.50 “ | +0.50 “ +050 “* 3 212] —0.§9 “* =e “ |] -o5ss ‘ 
= 206 | +0.44 * +0.44 °° | +0.44 o = 206} —-0.55 “ | —0.55 * | ~-0.54 “ 
8 ] 200] +0.38 “* | +0.38 ‘* +0.38 s 200 | —0.51 *“ | —o0.§0 ** | —o.5s0 * 
3 118 | +0.32 “ | +0.32 ‘*  +0.32 °° Zz 118} —o0.46 ‘* | —0.46 * | —0. 46 “" 
Bf]: 12| +0.2%6 " | +020 +02 " Bf] 112| -o42 * | -o.42 “ | —o.gr “ 
5 106 | +0.19 “* | +0.19 ““  +0.20 * c 1 06 | —0.37 “ | —0.37 ‘* | —0.36 * 
8 100! +0.13 “ | +0.13 “ +013 " g 100 | —o0.32 “ | —0.32 “ | —o.31 * 
o 18} +0.07 ‘S | +0.07 ‘ | +9.07 “2 o 18| —0.27 “ | —o.27 ‘** | —0.2%6 * 
012] +0.01 * +o.o1 * +0,02 ‘ o12| —0.22 “* | —o.21 * | —o.ar ‘ 
0 06 | —o0.05 ‘* | —0.0§ ‘* | —0.04 ‘* 0 6 | —0.16 *§ | —0.16 * | —0. 16 * 
0 00 | —o.10 *“* | —o.10 “ —o.10 ‘ 0 00] —0.10 ** | —o.10 ‘* | —o.10 * 
0 00 | —o.f0 *  —o.10 * tee 1o * 0 00 | —o.10 * | —o.10 “ | —o.10 * 
0 06 | —0.16 * —o0.16 “ | —o.16 *S o 06} —0.05 “ | —0.05 ** | —0.04 ** 
oO 12 | —0o.22 “* ieee “  —o.ar * 012 {/ +0.01 * | +0.01 ‘“* | +0,02 °* 
018, —0.27 “ |! —o.27 " | —0.2%6 * o 18 | +0.07 “ vor ha +0.07 "* 
3 100 | —0.32 “ —0.32 “* '—o.3r ° 2 I 00} +0.13 ** +0.13 * +0.13 °° 
= 106 | —0.37 “ ; —0.37 “ | —0,36 * Zit 06} +o.19 ‘" | +0.19 ‘* | 40,20 * 
8H] i312] —0.42 “ | —0.42 ‘ | —o.4r “ wv | 112] +0.% ‘ | +0.2% “ | 40.26 ‘ 
z 118 | —0o.46 “ | —0.46 “ —0.46 “ £ 118 | +0.32 ‘ | +0.32 ** | 40.32 °‘ 
Fr] 200| —o.5r ** | —0.50 ‘ | —o.50 “ 3 2 00 5 +0. 38 ‘* | +0.38 “ | +0.38 * 
8 206} —0.5§ “ | —o.55 “ | 0.54 “ . hh +0.44 ‘ | +0.44 " | +044 “ 
< 212| -059 “ -0.58 ‘ —o0. 58 * 2 2 12 | +0.50 ‘** | +0.50 “ | +0,§0 “ 
218 | —0.62 “ | ~0.62 **  —o.62 ‘ <1} 218 +0.56 ‘* | +0.56 ** | +0.5§ “ 
300} —0.66 “ ee ‘* | —0.65 ‘ 300! +0.61 “ | +0.6r ‘“ | $0.61 “ 
306 | -0.69 “* | 0.69 —0.68 “ 306 +067 * | +0.67 " | +066 “ 
3.12] —0o.72 ‘ | —0.72 * | —o.71 * 
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TABLE 59.— Variation in mean semirange of spring and neap tides due to parallax and 
evectional waves composed of N,, L,, 2L, %,, and 4,—Continued. 


INCREASE IN MEAN SEMIRANGE OF SPRING TIDES—continued. 





Length of half group Length of half group 














Time | TM. oe SS eee 
| © tides 2 tides 4 tides © tide | atides 2 tides 4 tides 
“es = 8 , Sr Sinan 
d.k d.h 
3.12 | —0.71 Ng | —0.70 Neg | —0.70 Ng 3 12 | +0.70 Ng | +0.70 Ng | +0.69 Ny 
3 06 | —0.73 ‘* | —0.73 “* | —0.73 “* 3 06 | +0.75 “ | 40.75 * | +0.74 * 
3 00 | —0.76 ‘** | —0.76 “* | —0.75 * 3 00} +0.80 ** | +0.80 “ | +0.79 * 
213 | —o0.79 “ | —o.78 “ | —o.78 “ a» | 2 18] +0. 85 ‘* | +0.85 ** | +0.84 ‘S 
s 2 a es —o.81 ‘ ~—o0.80 ‘ Ac 2121 +0.89 ‘ +0.89 ‘' +0.88 ‘ 
oe) 206 “ | —0.83 ‘* | —o.82 ' = 206 | +0.93 ‘* | +0.53 ‘“ | +0.92 * 
; che = —o.84 ‘ —o.84 ‘* & 2 00 | +0.97 * +0.97 * +0.96 ‘* 
2 1 18 | 0.86 * | 0.86 “ | eer 18) +100 * | +1.00 “ | +0.99 * 
@ | i312 a —o.87 * —o.87 ‘ & |: 12 +1.03 ‘ +1.03 ‘ +1.02 ‘ 
5 1 06 “ | —o,88 ** | —o.88 ‘“ E 106 | +1.05 “ | $1.05 “| + rog * 
8 1 00 “ | —0.8 “* | —0.8 " ri 100} +1.07 “| +1.07 "| +1.06 
o 18 ‘* | —o0,go ‘* | —0.g0 ‘ o 18 | +1.09 ‘ +r.o9 “ | +1r.08 * 
—o.91 ‘* | —0.go * O12| }1.10 “* | +4.10 ** | +4rog * 
—o.gt ‘* | —o.go ‘ 0 06/ +4rrr ‘8 | fru ** | +4r.10 * 
—-o.gr “* | —o.gr ‘ ooo} +1.11 “ +1.t1 ‘* | +1.10 “ 





This table applies best to cases where S,/M, has its theoretical value. If this ratio is small, Tables 
25 and 34 may be used. 
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TABLE 59.— Variation in mean semirange of spring and neap tides due to parallax and 
evectional waves composed of N,, L,, 2N, v, and }4,—Continued. 


INCREASE IN MEAN SEMIRANGE OF NEAP TIDES. 














Length of half group | Length of half group 
hin | CS ime SSS SS 
o tides | 2 tides 4 tides o tides 2 tides 4 tides 
} { 
d. hk. d. hk. 
0 00 | +0.73 Nz +0.73 Na +0.72 Na 0 00 | —0.67 Na | —0.66 Nz} —0.66 Na 
0 0&6 | +0.73 “ |. +0.73 ** * +0.72 °° 0 06} --0.66 * —0.66 *“* | —0.66 ‘ 
012} +0.72 “ +0.72 ‘* +0.72 ‘ | o 12] —0.66 * —0.66 * | —0.65 * 
o 18 | +0.72 " +0.72 * +0.71 “| o 18 | —0.65 “ —0.6§ ‘ —0.65 “ 
cs 100| +0.71 ‘ +071 ‘“ +0.70 * & 100} --0.65 ‘* | —0.64 “ | —0.64 “ 
= | 106 | +0.69 * +0.49 “ +0.69 ' S | 106 | —0.63 ‘ | —0.63 “ | —0.63 * 
Sy) 112 | 40.68 * | 40.68 * +0.67 ‘ = | 112] —0.62 * | —0.62 “ | —0o.62 “ 
be 118} 40.66 * | +0.66 "* +0.65 ‘ th <118| —o.61 * —0.60 ‘*' | —0,60 * 
gy 200, +0.64 ‘ +0.64 “ +40.63 * z. 200 | —o.59 ‘ —o.59 ° —o.58 * 
- 206 | +0.62 “ | +0,61 “  +0.61 * & | 206 | —0.57 “ -—0:57 “© | —0.57 ‘ 
= 212) +0.59 “ 9 +059 ** +0.58 * 212|—o.ss “* | —o.55 “ | -055 * 
218 | +0.56 ‘* +0.56 “ +0.56 ‘“ 218 | —0.§53 “ —0.53 *“ —0.53 ‘ 
3 00] +0.53 ‘ +0.53 “* +0.53 ‘ 300 / -0.51 " —o.51 “ —0.50 * 
3 06) +0.50 ‘* | +0.50 ‘' +0.50 * 3 06 | —0.48 ** | —0.48 ** | --0.48 ‘ 
312 | +0.47 ‘* | +0.47 ‘“ +0.46 * 312 | —0.46 " | —0.46 ** | —0.46 * 
312 | +0.48 * +0.48 ‘* +0.48 ‘ 3.12 | —0.47 ‘ —0.47 “* | —0.47 ‘ 
306] +0.45 ‘* | +0.45 “* +0.44 “ 306 | —0.44 ‘“ | —0.44 ‘“S | —0.44 “ 
3,00 | +0.41 * +o0.41 ‘* +0.41 ‘ 3,00 | —0.42 ** | —0.42 “ —0.42 ‘* 
218 | +0.38 “ | +0.38 “ +0.37 “ 2 18 | --0.39 ‘* | —o0.39 “ | —0.39 ‘ 
& 212} +0.34 ‘ +0.34 ‘“ +0.34 & 212 | —0.36 “ | —0.36 ‘' | —0.36 ‘“ 
= 206 | +0.30 “ | +0.30 ‘ +0.30 " = 206 | —0.34 “ | -0.44 “ | —0.33 
# | 200 | +0.26 °* +0.26 '* +0.26 * £ | 200] —o.31 “ | —o.31 * —o0.30 ‘ 
= 118 | +0.22 ‘* | +0.22 ‘* +0.22 * = 118 | —o.28 ‘** | —o.28 ** | —o.27 ‘ 
F 112] +0.18 ‘* | +0.18 “* +0.18 ‘ 3 I12| —0.2§ "* | —o.25 ‘** | —o.24 ‘ 
‘ 106 | +0.15 * | +0.15 ‘ +015 * 5 106 | —o.21 ‘ | —o.21 “* | —o.2r * 
‘ | 100] +o.11 ‘* | +o.1r ‘*S +0.31 " 8 1 oo | —o.18 ‘“* | —o.18 ‘* | —o.18 * 
S o 18 | +0.07 ‘* | +0.07 ‘“* +0.07 * 0 18 | —o.15 * —o.1§ ** | —o.15 * 
o 12 | +0.03 ‘“ | +0,.03 ‘* +0.03 ‘ o12] —o.1r “ | —o.r ‘ | —orr ‘ 
o 06 | —o.o1 ‘* | —o.o1 “ 0.00 ‘‘ o 06 | —0.08 ** | —0.08 “ | —o,08 * 
0 00 —0.04 " —0.0g ‘' —0.04 ‘ 0 00 | —0.04 ‘ —0.04 ‘ —0.04 ‘' 
© 00 | —0.04 * —0.04 ‘*' —-0,04 " 0 00 | —0.04 “ —0.04 ‘* —0o.04 ‘ 
0 0} —0.08 *“ | —0.088 “ —o.08 * 0 0 | —o.or ‘* | —o.or ‘ 0.00 ‘ 
O12] —-o.1r “ | —-orr ** -o.11 * Oo 12} +0.03 ‘' | +0.03 ‘“* | +0,.03 ° 
o 18 | —o.15 * —0.1§ “S —oO.1§ “ o 18 | +0.07 “ +0.07 ‘' +0.07 ‘ 
g 100} —0.18 ** | —o0.18 ‘* -—0.18 “ ki 100 | +o.1r ‘ | torr ‘ | +o.ar * 
<= | 1 06 | —o.21 “* | --o.21 “* --o.21 * S | 106) +0.15 “ | +0.1§ ‘* | +o.15 * 
= 112] —-0.2§ * | —0.2§ *“* 0.24 * | a 112 | +0.18 “ | +0.18 ‘** | +0,18 * 
co 118 | —o.28 ‘* | —0.28 ‘ —0.27 " | = 1318 | +0.22 “* | +0.22 ‘* | +0.22 ‘ 
B | 2.00; —0.31 ** | —0.31 ‘* —0.30 * ‘EB | 200] +0.2%6 “ | +0.26 “ | +0.26 * Z 
g 2 06 | —0.34 ** {| -0.3%4 ‘S —0.33 °" | 6 2 06 1 +0.30 ‘“* | +0.30 ‘* | +0.30 °* 
< 212] --0.36 " —-0.36 “ —0.36 * |! < 212) +0.34 ‘* | +0.34 ‘ | +0.34 “ 
; 218 +0.38 ' | +0.38 ‘* | +0.37 “ 
300 +0.41 ‘ +0.41 °° +o.41 
| 306 +0.45 “ | +045 “ | +044 “ 
| 3.12 | +048 * +0.48 ‘' +0.48 ‘ 
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TABLE 59.— Variation in mean semirange of spring and neap tides due to parallax and 
evectional waves composed of N,, L.,, 2N, v,, and A,—Continued. 


INCREASE IN MEAN SEMIRANGE OF NEAP TIDES—continued. 









Time | 
| © tides 
ee, TS) oS HH ae 
dh. 
3.12 ~—0.46 Na 
300 —0.48 
300 —-o0.§1 * 
218 -0.§3 “ 
© | 212 -0.§5 
AS oo 
= 206, —0.57 “ 
@ | 200 --0.59 
2 118 —o.6r “ 
3g | 112' -0.62 ° 
: 06 —0.63 " 
s 100 —0.65 °* 
or —o.65 * 
oO 12 , —0,66 * 
0 6 —0.66 * 
0 00) «6(--0.67 ‘ 


This table applies best to 
Tables 25 and 34 may be used. 


—_————— - 


Length of half group ; 





2 tides | 4 tides 
—0.46 N | —0.46 Ne | 
—0o.48 " —-0,48 “ 
—-o 51 ‘ | -0.§0 * 
—0.53 “ | —0.53 
—0.55 " - 0.55 * 
--0.§7 “* | —0.57 * 
—0.59 “ —0.58 “ 
—0.60 ' —0.60 "' 
--0.62 * ~—o.62 ‘ 
—0.63 ‘* | —0.63 °° 
—o.64 * —0.64 ' 
—0.65 ‘“ | —0.65 “ | 
—0.66 * -0.65 ‘ 
—0.66 ** —0.66 * 
—0.66 ** —0.66 * 
cases where S,' M, 


Time 





_ © tides 2 tides 

dh. ! 

312' +0.47 Ng | +0.47 2 

3:06 ' +0.§0 * ! +0.§0 * 

300 +0.53 “ +0.53 “ 
oe | 205 . +0.50 "' +0.56 * 
3 | 212!) +0.59 * | +059 * 
= 12 06 | +0.62 ‘ | +0.61 * 
é 200, +0.64 ‘ +0.64 ‘ 
= I 15 | +0.66 " 70.66 “ 
& 1 12 | 70.68 ‘ +0.68 ‘ 
E I 06 +0.69 " | +0.69 " 
8 1 or +0.51 ° +0.71 

o 18; +0.72 +0.72 ‘ 

O 12 | +0.72 * +0.72 ** 

oO val 0.73 «°° | +0. 73 

oO a +0.73 °° | +0.73 °° 


has its theoretical value. 





Length of half group 





| 4 tides 


+0.47 Ng 
+0.50 ‘ | 
+0.§3 ** 

\ 





+0.56 * 
+0.55 ‘ 
+o.61 ‘ 
+0,63 ‘ 
+0.65 ‘ 
+0.67 ‘ 
+0.69 " 
+0. 70 
+o.71r °° 
+0.72 “ 
+ 9.72 * 
+0.72 * 


a ee 


If this ratio is small, 
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TABLE 60.— 7ime of maximum 


Time by which maximum downward slope toward body having 


{The amplitude of the larger tide is taken as unity. ] 


Cot. hour of 
smaller tide— 
cot. hour of 
larger 





Amplitude of smaller tide. 


Cot. hour of 

larger tide— 

cot. hour-of 
smaller 








Time by which maximum downward slope toward body having 


TABLE 61.—Difference in surface elevation for the two 


[The amplitude of the larger tide is taken as unity.] 


cae rapy of 
smaller tide— 
cot. hour of 2 4 4 


larger 


h h 
1. 0000 
0. 9017 
0. 8038 
0. 7065 
0. 6100 
0. 5150 
0. 4222 
0. 3336 
0. 2536 
0. 1933 
0. 1744 





v 
47 
= 

ee 

v 
= 

e 

| 

@ 
ton 

© 

v 
~~ 

3 
ot 
=) 

a 

| 
< 


Cot. hour of 

larger tide— 

cot. hour of 
smaller 
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slope of the surface. 


smaller tide precedes high water of body having larger tide. 


[The amplitude of the larger tide is taken as unity. ] 










smaller tide— 
cot. hour of 


Cot. hour of 
3 0.1 o. 184 0. 173 0. 157 0. 137 
~ [o2 0. 359 0. 333 0. 298 0. 258 
= 0.3 0.523 0. 478 0. 424 0. 363 
=| 0.4 0.674 0. 610 . °- §37 0. 457 
= 0. § 0. 812 0. 729 0. 637 0. 539 
% 0. 6 0. 938 0. 836 0. 726 0. 612 
3 0.7 | 1.053 0. 932 0. 806 0. 677 
B ]o8 | 1.156 1,018 0. 878 0. 734 
5 09 | 1.249 1. 096 0. 942 0. 787 


ee eee fd 


Cot. hour of 


larger tide— : 
cot. hour of 3% 3% 4 44 
smaller 


smaller tide follows high water of body having larger tide. 


ends of the strait at the time of maximum slope. 


[The amplitude of the larger tide is taken at unity.] 


Cot. hour of 
smaller tide— 
cot. hour of 
larger 





v 
co 
pe 

bea 

vu 

— 

3 

S 

wv 
Som 

° 

v 
= 
= 
= 

a. 

5 
< 


Cot. hour of 

larger tide— 

cot. hour of 
smaller 
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TABLE 62.—Pressure and density of sea water at various depths. 


Sy a ee ees a t 
Pressures Densities | 




























































mat 4 oe Bee Ss ee me Heightof; 
, homoge- ; | 
ba Atmos- . Pounds Pounds | eniacin Sur- ra 
i cm,| Pheres | per sq. in.| per sq. ft. face=1 aera a 
oO oO 0. 9997 0. 9866 14. 500 2 088.0 | 0.00 | 1.00000 64. 000 
1 1.0303 1. 0168 14.944 . 2 152.0 1.00 000 | 000 
2 . 0610 .0471 15. 389 | 2 216.0 2. 00 000 | 000 
. 3 . 0916 .0773 | 15.833 | 2 280.0 3. 00 000 | 000 
4 1223 . 1076 16, 278 2 344.0 4.00} 1.00001 000 
5 . 1§29 | .1378 , 16.722 2 408.0 | 5.00 Oo! | 000 
I 6 1. 1836 | 1.1681 | 17. 167 2 472.0 6.00 oor ! 000 
7 » 2142 | . 1983 17.611 2 536.0 7.00 oor 64.001 
8 . 2448 | . 2286 18.056 | 2 600.0 ° K.00- oo! oo! 
9 - 2755 _ . 2588 - 18, 500 2 664.0 9.00 001 oo! 
10 3061 | 2890 | 18.944 2 728.0 | 10. 00 001 | oor 
II 3368 3193 19. 389 2 792.0 11,00 ool oo! 
2 12 1, 3674 | 1. 3495 19. 833 2 856.0 12.00 ! 1, 00002 Oo! 
13 . 3981 | . 3798 | 20. 278 2 920.0 13.00 002 ool 
14 . 4287 | . 4100 20, 722 2 984.0 14.00 , 002 oo! 
15 . 4593 . 4403 | 21. 167 3 048.0 ! 15. 00 | 002 | oor | 
16 . 4900 | - 4705 21.611 | 3°112.0 16. 00 002 OO! 
17 . §206 . 5008 — 22.056 3.176.0 17. 00 | 002 oo! | 
3 18 1.5513 | 1.5310 | 22. 500 - 3 240.0 | 18, 00 | 002 64.002 
19 - §819 | . §613 ! 22.945 3 304.0 1g, 00 | 1, 00003 002 
20 .6126 | . 5915 23. 389 3 368.0 20. 00 003 002 
aI 6432 | 6217 23.834 | 3 432.0 | 21, 00 | 003 | 002 | 
22 .6738 . 6520 | 24. 278 3 496.0 22, 00 | 003 002 
23 - 7045 | .6822 24.722 3 560.0 | 23. 00 003 002 
4 24 1.735! | 1.7125 . 25. 167 | 3 624.0 24. 00 003 002 
5 30 1.9190 | 1. 8939 | 27.834 4 008.0 | 30. 00 | t.00004 64. 003 
6 36 2. 1028 2.0753 30. 500 4 392.1 | 36. 00 | 005 | 003 
42 . 2867 . 2568 | 43. 167 4 776.1 42.00 005 004: 
8 48 . 4706 - 4383 35. 834 § 16c.1 48. 00 006 | 004 
9 54 6544 6197-38. Sor 5 444.1 54.00 007 005 
10 60 2. 8385 2.8012 | 41. 168 § 928.1 | 60, 00 | 008 005 
15 90 3. 7577 3. 7085 | 54. 502 | 7 848.3 go. OI | 1.00012 64. 008 
20 | 120 4.6770 4.6160 | 67. 838 9 768.6 : 120, OI 016 o10 
30 180 6. 5159 6. 4308 94. 510 13 609 180, 02 024 O15 
40 | 240 8. 3550 8. 2456 | 121.18 | 17 450 240, 04 | 032 | 020 
50 300 10. 194 10. O61 147.86 | 21 292 300, 06 | 040 : 025 
60 360 12.034 11. 876 174.54 | 25.133 | ~~ 360.09 | O47 : 030 
7oO 420 13.873 13.692 | 201, 22 28 975 420. 12 | 055 035 
80 : 480 15.713 , 15.507 | 227.90 | 32 803 480.15 | 063 | O41 
9° , 540 17.552 17. 323 . 254.58 | 36 646 §40. 19 O7I | 046 
loo 600 19. 392 19.139 ‘ 281.27 40 489 600. 24 079 051 
150 | goo 28. 594 28. 220 | 414.74" 59 708 «00. 53 : 1, OO119 64.076 
2001-200 37-799 37. 306 548. 26 | 78 934 1 200.9. | 158 | 101 
300 1 800 56.220 | 55. 487 815. 43 115 840 | 1 So2.1 237 ISI, 
400 | 2 400 | 74. 656 73.677 1082.8 =——- 155 930 3 403.8 315 | 202 
500 = 3,: 000 ) 93. 106 gt. 886 1 350.4 | 194 460 9 
600 ; 3 600 | 111. §7 110. 11 1618.2 | 233 030 | 4 
700 | 4 200 13¢.05 | 128.35 1 886.3 271 620 .5 
800 4 800 148. 54 | 146. 60 2154.§ . 310 250 
goo : 5 400 167. 05 | 164. 87 2 423.0 | 348 gro 
183. 15 ‘ 387 590 
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TABLE 62.—Pressure and density of of sea water at various depths—Continued. 








Depths 

ao Feet ane 
per sq.cm. 
1 §00 {| 9g 000 278. 39 
2 000 | 12 000 371.57 
3 000 | 18 000 558. 94 
4 900 | 24 000 | 747.79 
5 000 , 30 000 937-79 
6 000 | 36 000 { 129.1 
7 000 | 42 000 ¥ 321.8 
8 000 | 48 000 I §15.7 
g 000 | 54 000 | 1 710.8 
1 838.1 





Pressures 
| 
Atmos- | Pounds | 
phere per sq.in. 
274-75 Tl aoe 4 937.9 | 
366.71 5 389.4 | 
551.65 8 107.3 
737-93 10 845 
925.53 | 13 602 | 
1 114.3 16 377 
I 304.5 1g 171 | 
1 495-9] 21 984 
1 688.4 24 814 
1 882.2 27 661 





Pounds 
per sq. ft. 


581 460 

776 070 
1 167 400 
1 §61 700 
1 958 700 
2 358 300 
2 760 700 
3 165 700 
3 573 200 
3 983 200 








Densities 

Height of 

homoge- 
neous Sur. |Surface=64 
column ficewy pownas per 
9 052.6 | 1.01167 64.747 
12 094 546 990 
18 209 1.02293 65. 467 
24 368 1. 03023 935 
30 572 737 66. 392 
36 816 1.04436 839 
43 103 1. O§121 67. 278 
49 431 792 707 
55 795 1.06451 68. 129 
62 206 1, 07097 542 


1 atmosphere=pressure of 76 cm. of mercury at 0° C. in latitude 45° at sea level; g=32.1722 ft. -4lP has been placed 





equal to - a instead of a(1—5). 


This table was computed with Professor Tait's constants, published in his Scientific Papers, Vol. II, p. 27. 
Approximate expressions are: p’ =64 y+0.0000422 ¥4, p==p, (1+0.00001318 y), p’ denoting water pressure only. 
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